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PREFACE 

TO THE THIRD EDITION 

TJ]e advances which have taken place- in many branches of ortJiop.vdic 
surgery have necessitated alterations and revisions in several chapters. 
The fundaraental principles have not altcrecl, but the many improvements 
of technique and methods of investigation have widened the scope and 
the usefulness of orthopsedic practice. 
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PREFACE 

TO Tim FIRST ERITIOK 

In the follo\ving pages I have endeavoured to give the reader a 
descriptio'ti of tiie ba^ic principles which underlie treatment in ortho- 
psedic surgery. Details of the many operative procedures which are 
usually included in the larger text-books lia\'e been omitted, the t}'pes 
of treatment descnbwl being those which, in my opinion, have given 
the mo-st consistently satistactoiy results 

No reference has been mode to Fractures, or their treatment, as this 
subject is such a large and important branch of surgery that it deserves 
consideration in a separate volume and not simply as an addendum to 
orthopfodic surgery. 

In collecting material for this work J have been fortunate to have 
had considerable assistance from Mr. J. B, Reid and Dr. R. Lunt who 
contributed many of the drawings, and from Dr. J. H. Mather from 
whom I obtained many of the X-roy plioto^phs. For the completion 
of the work I must acknowledge the debt of gratitude I cKre to Mr. 
W. J. Eastwood and to Miss Everahed, whose criticism and stimulation 
have been invaluable. 



CONTENTS 


CfUFTEIt I FA OK 

ORTHOPJIDIC SURGERY 1 

CHAFTEa II 

SPLINTS .VXD APPARATUS • • C 

Thomas BctI Knee Splint. T«o-ei»ile«l Bed Knee Splint. Caliper Splint. 
Thomas heel. Double i’ranie. AlKlaction Prame. Posterior Spinal 
Support. Thomas Collar. Shoulder Abduction Splint. Straight Metal 
Splints. Hand Splints. 

Plaster of Paris ........... 18 

Methods of Application. Advanlagea and Disadvantages. 

CUAtTBR 111 

RIGIDITY OF JOLNTS 20 

Adhesions. Treatment. Rigidity due to Cony Blocks. Treatment. 
Ankylosis. Treatment of Ankylosis. 

ClUFTER IV 

DISABILITIES OF THE ICXEE-JOLNT . .... 39 

Traumatic Synovitis. Chronic Synovitis. Hrcmarlhrosis. 

Debakoulments op the Kneb-joint 42 

The lAteml Ligaments. Crucial Lagnoients. Injuries of the Semduiuir 
Cartilagw. Cysta of the Semilunar Cartilage. Ix>ov Bodies in the Knee- 
joint. Recurrent Dislocation of the Patella. 

Cdatter V 

INJURIES TO THE SHOULDER-JOINT R8 

Periarticular Adhesions. Traumatic Arthritis. Lesion-s of the Supra- 
Bpinatus Tendon. Rupture of the Long Head of the Biceps. Teno- 
synovitis of the Long Head of the Biceps. Sub-acromial Bursitis. Re- 
current Dislocation of the ShooWer-joint. Dislocation of the Acromio- 
clavicular Joint. 

CnAFTcn VT 

TUBERCULOUS AFFECIiONS OF BONES AND JOINTS ... 79 

Tuberculous Arthritis. Tuberculous Infection of Bone. Tuberculous 
Periostitfa. True Tuberculous Osteitis, (a) I^ocalizcd, (1») Diffuse. 

Chapter VII 

TUBERCULOSIS OF THE HIP-JOINT 90 



CONTENTS 

Cbarer vin 


FACE 


vi 


TUBERCULOSIS OF THE KNEE, ANKLE AND TARSUS . . 106 

Cbafteb IX 

TUBERCULOSIS OF THE SPINK AND SACRO-ILIAC JOINT .* .119 

CuArrbR X 

TUBERCULOSIS OF THE SHOULDER. ELBOW AND WRIST. . 137 

CttAPTER XI 

CHRONIC ARTHRITIS U8 

Rheumatoid Arthntin VilJoui Arthritis Osteoarthritu Oateri- 
arthntia of the Hip joint, Knce-joint. LooAe Bodies in an Osfeoartlintic 
Knee. Oiteoarthntia of Otlier Joints Neiiropsthic Arthritis. Charcot’s 
Joints. 


CnAiTEB XII 

EPIPHYSEAL AFFECTIONS .... ... 166 

Osteocliandritia Deformans Juv’eiuUs. Pseudo Coxaigm or Lt'gg.Perth6'8 
Disease Epiphysitis of the Tibial Tubercle, Osgood Schlatter Disease. 
Apopiiysitia of the Os Catcls Coxa Vara. Kicnbork's Disease or Osteo- 
porosis of the Caqial Semilunar. 

ClIAPTER XIII 

NON-TUBERCULOUS AFFECTIONS OF THE SPINE . . .179 

Kyphosis. Round Ba«k Adolescent Kyphosis or S^icuennaim's 
Disease. Senile Kyphosis. Tumours of the Spinal Column. Carcinoma. 
Sarcoma. Osteomyelitis of the Spine Syphilu of the Spine. Spondy- 
lolisthesis. Vertebral Osteochondritis or Cairt'a Disease KummcU’s 
Disease. ArtlintwDeformansoftheSpme. AfTectiona ofthe Lumho-Mcral 
and Saero-iliac Region. Lumbo-eacral and Sacro-ihao Strain. Sciatica 
due to Lesion of Inteirertebral Discs Congenital Deformities. Spina 
Bifida. Sacralization of the 6th Lumbar Vertebra. Extro Lumbar 
Vertebra. 


Ceapter XIV 

LATERAL CURVATURE OF THE SPINE 206 

Tyjiea of Scoliosis Postural ir Mobile ScoUoeia. Structural or Fised 
Scoliosis. Causes of Scoliosis Congeiutal Scoliosis Acquired Scoliosis. 
Paralytic Scoliosis. Paraplegic Scoliosis. Sciatic Scohoais. 

ClUFTER XV 

ACQUIRED DEFORMITIES 221 

Dupuytren’s Contracture. Obstetrical Itaralysis. Mjositis Ossificans 
Traumatica. Volkmann's Ischteniic Contracture Torticollis Spas- 
modic Torticollis. 



CONTENTS vli 

CnAPTEB XNT PAOB 

THE FOOT 241 


Static Defonnities of tlie Foot. Erertwl Foot. Hat Foot and Foot 
Strain. Congenital Flat Foot. Acquired Flat Foot — Mobile, Itigid. 
Fibroas Rigid Flat Foot. Bony Flat Foot. Sp-iamodic or Spastic Flat 
Foot. Hallux Valgus. Hallux Rigidus. Hammer Toe. Jletatarsalgia 
or Morton’s Disease. Claw Foot. K6hlcr*8 Disease. Slarch Foot or 
March Fracture. Ingrovking Toc>nad. Tender HceU and Calcanean 
Spurs. 

Cdapter XV'II 

ACUTE A>.’TERIOR POLIOMYELITIS 275 

ClUITER XMll 

SPASTIC PARALYSIS (CERERIIAL PARALYSIS OF CHILDREN) . 2111 


ClUPTER XIX 

PERIPHERAL NERVE INJURIES 298 

Pfaj-sitilogical Lesions. Anatomical Ixaioiis. Treatment of Ncrrc 
Injunw. Treatment of Cauaaigia. Recent Nen’c Injuries. 

Injury to Specul Nerves ... 300 

MuscolO'Spiral. Posterior Interoascus. Ulnar. Median. Brachial 


Plexus. Great Sciatic. 


CiurTtR XX 

AFFECTIONS OF MUSCLES AND TENDONS 321 

Tendon RupCare. Tennis £it>on. Rapture of the Common E.ttcnsor 
Tendon of a Finger. Rupture of the Extensor Longus Pollicia Tendon. 
Trigger Finger. RuptureoftbcTcndoAchillis. Rupture of the Plantaris 
Mascle. Rupture of the Ugamentum Fatellf. Rupture of the Quad* 
riceps Femoris. Rupture of the Rectus Femorw. Rupture of the Long 
Head of the Biceps. Tcno-aynovitls. Chronic Infective Teno-synovitis. 

DxsLocATioy OF Tendons 331 

Peroneal Tendons. Snapping Hip. Clicking Hip. Slipping of the 
Seinitendinosus. Slipping of the Bicepa Tendon. 

Chapter XXI 

CONOENITAL DISLOCATION OF THE HIP AND OTHER CON- 


GENITAL DISIXICATIOXS 335 

Hip. Knee-joint. Patella. Shoulder. Ankle. EIliou , 

ClUFTER xxn 

CONGENITAL DEFOK3HTIES 359 


Talipes Equino Varus. Metatarsus Yanis. Talipes Calcaneus. Radio- 
ulnar Synostosis. Cervical Rib. Sprengel'a Deformity. JIadelung’s 
Deformity of the Wrist. 0ub Hand. 



CONTENTS 


ClCAFTEB XXIII PAQE 

RICKETS 

Deformities or Rickets ......... 381 

Rickety Kyphosis. Costv V»r». Bow Legs or Ccmi Varum. Knock- 
knee or Genu Valgum. 

ClUTTER XXIV 

GENERAL /DEFECTIONS OP BONE 387 


Osteitis Deformans, Paget’s Diseaae. Achondroplasia. Osteogenesis 
Imperfecta or FragiUtna Oastum. Marhlo Bones or AJUra Schonberg 
Disease. Osteitis Fibrosa Cystica. Renal Dnnrdsm or Renal Rickets. 
Acromegaly. Osteomalacia. Dyschondcoplasia or Dinphyse.il Aelasia. 
Osteomyelitis. Chronic Osteomjelitu. ^'<^enic Infection of Joints. 
Gonococcal Arthritis, rttcuraococcni Arthritis. 


ClISPTER XXV 

TUMOURS OF BONE 417 

Simple TcMOtms 417 

Exostoses. Cliondroronta. Benign Giant Cell Tumour. 

Mauo»amt TVMOtTRS . 4S2 

Osteogenic Sarcoma. Ewing’s TDimour. Multiple Myelomata. 

Sbcohdaby Mi^uqxaht Tettoons .430 

INDEX 432 



A PRACTICE OF OUTHOP^DIC SURGERY 

CILVPTER I 

ORTHOPAEDIC SURGERY 

Ortbopjpdic surgerj’ can best be definwl as tbe surgery of the locomotor 
system embracing the treatment of injury, disease or deformity of the 
limbs, joints and the spinal column. The derivation of the ^vo^d ortho- 
predic from orlhot, “ straight,” and ptnlton, “ n child,” indicates that the 
orthopafdic surgeon is primarily concerned %vith the prevention and 
correction of deformities in young children. To this limited section of 
surgery there has gradually licen added the treatment of the acute and 
chronic joint lesions, together %vith the fractures and dislocations which 
are such a potential cause of deformity and disability. The outlook 
of the orthopx'dic surgeon must not be confined to the consideration of 
the deformity which follows the ce.ssat>on of active treatment, but he 
must visualize the possibility of the greater deformity which may appear 
as a result of growth. 

As orthopjsdic surgery is so clo«ely concerned with growing and 
developing tissues the outlook of the surgeon engagctl in this branch 
should be essentially conservative. Oi»crations— such ns moulding and 
manipulation— arc to be preferre<l to the more radical measures which 
are often more attractive, and this tendency to conservatism should 
not be discarded even though the simple procedures are sometimes 
followed by a recurrence of deformity. Extensive bone operations, 
which must interfere with growth, should be avoided as far as possible 
in the child, and if such measures are necessary they should always be 
postponed until thi-s danger has to a large extent disappeared. 

Jledicine and surgery are essentially interdependent, and tragedies 
are inevitable if an attempt is made to segregate any one branch and 
to consider it as a separate water-tight compartment. .A particularly 
good illustration of this interdependence is seen in the very common 
condition which is loosely described under the title of ” Low Back Pain.” 
This complaint of persistent pain and aching in the hack cannot for a 
moment be considered as a clinical entity, but must be recognized as 
a symptom of underlying disease or mechanical disability. Thus, pain 
complained of in the lumbar spine and sacto-iliac region may be the 
result of retroversion of the uterus, endometritis, or some other gynieco- 
logical condition, wliilst a simflar group of symptoms may follow on 
renal affections, intestinal inflammations, or spinal disabilities. A similar 
. series of sjTnptoms may he caused by errors of posture when the patient 
r.o.s. 1 B 
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stands with the linnh.ir spine in n position of excessive lordosis, and witli 
the feet abducted and cverteil Another equally common example of 
the necessity for combined study w seen in the treatment of rheumatoid 
arthritis, i\hcre the medianical treatment of the joint condition, the 
attempts at correction of the deformity, or the improvement of function 
come under the direction of the orthofuedic surgeon, wliile the treatment 
of the causative infection must rest in the hands of the biocliemist, 
pathologist and physician. These eommon examples illustrate the neces 
sity for the treatment of any patient comphiining of indefinite sjmiptoms 
by tiie combined skill and knowledge of the practitioners of every’ branch 
of medicine. It is because of such considerations that the groivth of 
special liospitals of any type is a regrettable feature of present-day 
medicine, and a continuation of development along these lines niurt 
hamper progress. 


EXAMINATION OF A PATIENT 

As young children form such a large proportion of the patients dealt 
with by tlie orthojncdic surgeon, it is c««cntial that all the necesaar)' 
examinations should be conducted with the greatest possible gentleness, 
If, daring the course of the examination, the child is frightened, the 
surgeon lias failed in his object. The instinctive and widespread muscle 
spasm, whicli is present in any crying child, limits or obliterates the 
movements m a suspected joint. In examining any joint all its move* 
nients, both active and passive, must be investigated and recorded, and 
tills examination should be conducted under a planned scheme. The 
active movements should be cxammeil first , if the patient is a child 
considerable tune may be necessary before the full range is demonstratetl. 
Passive movements should Then be noted, and in this examination 
certain points are of importance. If the surgeon gra-sps a hrab very 
firmly tlie patient — especially a young child- instinctively resists and 
the movements are inhibited. If, however, the hmb is held lightly 
wnth the fingers, and not with the whole hand, the child’s confidence is 
secured and the full range can be measured accurately. 

In an examination of the lower limbs it is always ndnsable, where 
possible, to examine the patient both m the recumbent and in the upright 
position. This latter examination may give an entirely different impres- 
sion of the conditions present from that obtained whilst the patient is 
recumbent Examinations of the spme and lower hmb can only be 
considered to be complete when the patient can be seen walking about 
with the spine, legs and liips uncovered. By tlus means alteration of 
stance, tilting of the pelvis, and of the alignment of the spine can be 
recognized, such deviations from the normal often being obscured when 
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the patient is recumbent. In inaldog the diagnosis of an orthoptic 
condition it is usually necejssary to carry out many different types of 
examination, those most commonly employed being described in the 
following paragraphs. 

Measurements. Measurements of the lirnks are essential, and 
must be conducted along tecogniied lines. Thus, in examining the lower 
limhs measurements are taken from the anterior superior spine of the 
ilium to the tip of the internal malleolas of the same side. M’ith legs 
of efjual length and srith normal hip joints, these mea.surements will be 
equal if, at the time of measurement, the thiglts and legs are placed 
at exactly the same angle to the pelvis on esich swle. If one thigh is 
adducted and the other abdnctctl, the distance between the bony points 
will be increased on the adducted side, and decreased on the opposite 
side. 

This mea.surement from the anterior superior spine of the ilium to 
the internal malleolus of the tibia is described as the real length of the 
limb, in contrast to the measurement taken from the umbilicus to the 
internal malleolus, which is de-scrihed as apparent length. This latter 
measurement varies very greatly, especially when the hij) joint is 
ankylosed. If the ankjiosis has occurre<l snth the thigh adducted, the 
pehis on the affected side is raised in order that tlie hmb may He in 
line with the body. Because of this, the apparent measurement of the 
ankylosed limb is diminished, whilst the normal limb — which is abducted 
—is apparently increased in length. 

Mlien the ankj'losis has occurred m abduction the affected limb is 
apparently increased in length, whilst the normal side is correspondingly 
decreased. It is, therefore, essential that the peKos should be level 
before measurements are made, and if, on account of ankylo.sis of one 
hip joint, it is not possible to bring the pelvis straight, the differences 
in the real and apparent lengths of the liinlw give a clear indication of 
the amount of pelvic tilting. 

Similar rules must be observed in inaldng any other series of measure- 
ments ; bony structures must always be employed as the fured points 
of the examination, and the limbs which are being measured miLst always 
be fixed at the s.'ime angle with the trunk. This point b well illustrated 
in the measurements of the upper limbs, wliere the length is u-sually 
calculated from the tip of the acromion to the external condyle of the 
humerus. If this measurement is taken with the arm adducted, the 
distance between the bony points is greater than when the arm b 
abducted to the horizontal plane. 

Movements. It is essentia] that all suspected joints should be 
examined both for active and passive movements. The patient b 
asked to move the affected joint, or joints, through the full normal 
range of movements. Tims, for the spine, flexion, extension, lateral 
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deviation and rotation are all carried out activelj', totb in the upright 
and recumbent positions. If a full range of active movements is 
, present in any joint there is no necessity to determine the extent of 
passive movements. Only when limitation of active movement is 
present can an investigation of the range of passive movements be of 
any help. 

If movements are restricted the diminution from the normal must 
be noted svith the exact angle at which movement ceases. Again, the 
type of obstruction varies with the changes present in, or near the joint ; 
thus, sritli a loss of movement due to a bony block the limitation is 
sudden and complete, and the surgeon feels that no further movement 
is possible, even with the use of great force, while in the limitation 
resulting from fibrous adhesions, or fibrous ankylosis, the block is not 
so sudden or so complete. If extra force is employed, pain and some 
slight increase of movement result, the preventive muscle spasm appearing 
at once if the Hmb is jerk«l. 

Examination of the voluntary movements is also essential in infantile 
paralysis. The patient is asked to attempt the movements which are 
performed by each group of muscles, the lo«s of power in each move- 
ment being the indication of the presence of a complete or j).srtial 
paralysis 

Palpation. Tiie exammation of any suspected bone or joint lesion 
cannot be consiiUred comjilete without careful palpation ; by it an area 
of tenderness can be detected, and its e.xact extent defined , the con- 
sistency of growths can be appreciated, and m fractures the presence 
or absence of crepitiu and abnormal bony prominences can be determined. 
Palpation is also of value in distiuguishing the condition of the tissues 
in the neighbourhood of a siisj>ecte<l joint. Thus, the doughy sensation— 
which IS chaMCtenstJO of the periarticular infiltration in tuberculous 
arthntis — is of great value m the differential diagnosis, while osteo- 
arthritis can usually be iliagnoseil on the rough creaking which accom- 
panies movement. 

Where possible the hands should i»c placed over tlie wliole surface 
of the joint which is being exnnuned If this routine is adopted in 
every case many diagnoses, which are otherwise extremely difficult, or 
even impossible, can be mode with certainty. In no other way can the 
surgeon appreciate so well the slipping of a tendon over a bony prominence, 
or the noise which arises m a joint from some internal displacement, or 
roughening of the articuUr surfaces or of the sjniovunl lining. 

Inspection. The joint which is being e.xamined .should be com- 
pletely uncovered while the movements are bemg performed. Examples 
of the advantages to be gained by inspection are numerous; thus, the 
recurrent displacement of the patella, the slipping of tlie peronei tendons, 
or the slipping of the gluteus maximns over the great trochanter can he 
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iraiuecHately recognized, whilst the diagnosis of such conditions by any 
other means is extremely diiBcult or impossible. 

Radiographic Examination. Tlie diagnosis of pathological con- 
ditions is often incomplete without radiographic examination, and in 
many instances of bone injury or disease a correct diagnosis can be 
reached on this c%’idence alone. It must always be remembered that 
this method of examination is only one of a scries, and should never be 
used to supplant clinical observation and examination. Slany ortbo- 
pcedic conditions can be diagno«ed only by a careful clinical examination, 
the radiograph heing used simply as n means of confirming, or disproving, 
a diagnosis which has already been made on clinical investigation. 



CIIAPTEU n 

SPLINTS AND APPARATUS 


In the follovring cliapters fiecjnent tefercnces ate made to tlie splints 
and apparatus Aviiicli are in rommon use in the treatment of ortliopa-dic 
conditions, and it is advisable that a short dcseription of these should 
be given m order to avoid constant repetition. Tlie description of many 
tj-pes of apparatus ndiich ore entirelj* satisfactory !ias been omitted, 
but those described are — in my opinion — the simplest in construction 
and the most effective in use. 

Thomas Bed Knee SpBnt. Expencnco of war-time surgery has 
taught the medical profession some of the advantages of the “ Thomas 
Splint ” (Fig, I). It was designed after much trial and many modifica 
tions to Its present simple form It consists essentially of two round 



iron rods, w'bich are joined at the upjwr end by an ova! ring of the 
same n\ctal, and at the lower end by a transverse junction in which a 
depression — forming roughly the letter W — is plmed for the fixation 
of extension. 

6 
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There are certain fundamental points in the construction of the 
splint, of which one of the most important is that it is made of rigid 
unjnelding iron and not of steel, which would alter in shape under 
pressure and could not give tlie immobility of the more rigid metal. 
The thickness of the metal bars depends naturally on the size of the 
splint, and varies hetween one-qnarter and three-eighths of on inch, 
according to the pr<^sure whicli is to be expectc<! during it.s use. The 
ring joining the top of the lateral bars is formed of the same metal and 
is ovoid in shape, the tnolatcral bars beingfusedtoitso that they exactly 
bisect its circumference. The angle made i>etween the inner side of 
the ring and the inner lateral bar should be 120 degrees, whilst that 
between the outer bar and the outer portion of the ring naturally varies 
with the size of the splint. As the lateral bars descend from the ring 
to their lower attachment they tend to appro.timatc, the distance between 
the bars at the lower c.’ctrcinitics lieing roughly two-thirds of that 
between them at their attachment to the ring. The ring — wliich is 
designwl to take the counter-pressure of the extension pull on the isclual 
tuberosity— is padded with felt and covercil by smooth, firmly stretched 
leather. Ab all the pressure is applied on the inner and posterior margin 
of the ring, the felting is applied more thickly and firmly here than on 
the rest of the ring, where direct pressure is not borne. 

In the treatment of fractures of the lower limb, and of inflammation, 
or disease of the kmec-joint, the splint is of inestimable value. The 
basic principle underlying its use is the provision of complete immobiliza- 
tion of injured or inflamed tissues. Immobilization is effected by means 
of strapping extensions appUetl to the skin of the thigh and leg, ot leg 
only. Through these, manual traction is appliwl to the limb. When 
no further yielding can be obtained, the e.’ctensions arc tied round the 
W-shaped depres'ion on the lower end of the splint, the object being 
the provision of complete immobilization. Following the immobilization 
there is an almost immediate disappe.arance of the reflex muscle spasm 
which invariably accompanies (li!>case or injury of any of the tissue' 
of the limb Gradually the skin extensions become loose and the 
tightening and fixation are repeateil at interv’als until the desired 
position of the limb is obtained, when further pulling of the ex- 
tensions is only necessar}’ if they have slippet! on the skin, .\lthough 
not part of the Thomas splint, yet essential for complete immobiliza- 
tion of a limb, is the straight metal back splint which extends from the 
upper part of the thigh to a point 3 inches abov’e the raalleolei. It is 
slung between the bars behind the limb, the slings being so arranged that 
at least two-thmls of the thigh ami leg ate placeil in front of the lateral 
bars. .\ large jiad of wool i» placeil between the back splint and the back 
of the knee-jomt in order to retain the knee at a position of 5-10 degrees 
flexion, and to prevent subsf>quent defonmty or troublesome rigidity. 
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In using the splint, extension and fixation are provided through the 
skin strapping, and the counter-pressure through the ring of the splint 
testing on the ischial tuberosity. If the splint is too large the ring 
may slip into the perineum, or even into the anal region when the de«ired 
immobilization cannot possibly be obtained. ^Yhen the ring is of the 
correct size its postero-internal portion is held firmly in position against 
the ischial tuberosity. The akin of this area is accustomed to pressure, 
and irritation between the ring and the tuberosity need not be feared if 
simple hygienic measures are employed. At first, every few houre, and 
later at longer intervals, the skin of the area is gently tubebtl with methy- 
lated spirit, the c.xces3 being rubbed off and replaced by dusting powder. 



Tto. 2 — Thonus Two-ir»j Bid Ktico Splint 





CALIPER SPLINT 


0 


Two-ended Bed Knee Splint, A. inodlficatian of the Tlioraas bed 
knee splint which lias proved of value Js the two-ended Thomas splint 
(Fig. 2), the construction of the upper portion of the splint being identical 
with tlie origin.ll. Two adinstnhle extension ends are fixed to a double 
flat ratchet at the level where the knee will he ])laccd when the splint 
is applied. The angle of fixation of these ends can be nlterctl to any 
position and stabilized there by tightening the ratcliet. 

The splint Ls nse<l for the correction of the subliixation, which is 
80 often present, in old-standing fibrous ankylosis of the knee-joint. If 
an attempt is made to straighten 
this deformity without attention 
to the dLsplncomeiit of the tibia 
the subliixation will he inero.i’'ed. 

By use of the splint the head of 
the tibia can be pulled forward 
into line with the femur while 
the angle of flexion is licing 
altered. Tliismethod of applica- 
tion and n«e is illustrated in 
Fig. 2. Through one pair of 
extensions the limb is gradually 
straightened, while by a pull at 
right angles to the head of the 
tibia this bone is gradually 
pulled fonvard into line with the 
femur. 

Caliper Splint. This splint, 
which is of almost universal u.se 
in the ambulatory treatment of 
injuries and disease of the thigh, 
knee, and leg, ivas deveIope<l 
from the bod knee .splint and 
resemblfts it in structure with 
certain mofiifications, which are designed to promote more eflicient 
and comfortable use in walking (Fig. 3). The lateral bars and ring 
of the splint are made of the same metal as the bed knee splint, 
the chief modification being the structure of the upper ring. In 
contrast with the bed knee splint this is not ovoid in shape, the 
back of the nng is flattened, and the two lateral bars arc attached 
behind the middle point of its circumference. In addition, the back 
of the ring on the inner side, behind the attachment of the inner bar, 
dips downwards to an angle of 5 degrees. These modifications are 
so designed that the splint fits snugly and takes its pressure solely 
on the ischial tuberasity. The lateral hare are not joined at their lower 



Fio. 3 — Walking Caliper. 
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end blit «re bent in at right angles at n point one inch below the level 
of the lieel, tlie cut ends of thesphnt, 1^2 inches in length, being placed 
when in use in a metal tube extending obliquely througli the heel of 
the boot. 

By the application of extension ends to the caliper the splint may he 
retained for 2 or 3 years if necessary in a growing child, being lengthened 
at intervals to suit the growth of the patient. The metal tube through 
the boot heel is preferably mad© of brass and is inserted at an angle in 
the hne of the boot, its inner opening being usually placed 1 to | of aii 
inch behind the outer opening, the angle of obliquity being altered 
according to the amount of external rotation of the limb desired for 
each patient. 

A strap of leather, 4 inches wide, extends between the bars behmd 
the knee joint, maintaining the knee in a slightly flexed position, whilst 
a narrow leather binding strap is placed between the bats 4 inches above 
the lower extremity. iVn anterior knee pad may also be added, or its 
place may be taken by a bandage which controls movement and prevents 
flexion of the joint. 

A clotli boot with a leather sole Is usually advisable for the patient 
when walking is resumed after prolonged recumbency. With the soft 
cloth upper, and vnth the complete flxation provided by the Arm leather 
sole, the patient can ivoar the bwt continuously To prevent the develop- 
ment of a pressure point on the back of the lieel the boot should he 
removed once each day whilst the foot is washed, rubbed n Jth methylated 
spirit, dried and dusted with powder, the limb being held imniohile whilst 
this is being done ' 

Various slight modifications may be made m the caliper to suit 
particular conditions ; thus, with a %'ety thickened and swollen knee- 
joint it may be advisable to bow out tlie inner or outer bar, allowing 
room for the distended joint. 

If it IS necessary for a patient to wear a caliper for years, the con- 
turned pressure of the nng may cause inconvenience and irritation, 
especially in the adult. This may be avoided by replacing tlie caliper 
rmg by a laced top, sinular to that used m au artificial leg ; this modifi- 
cation allows the pressure to l>e borne over a wide area of the upper 
thigh ami ischial region, and is usually much appreciated. 

The provision of a hinge in a cahper aplmt at the level of the knee 
joint IS also a great comfort, especially in the case of a flail limb of an 
tti-JA. TVft 'MhK’j Vo 'iWsA krm! Vn 0,'ft 

patient when travelhng, but the use of the lunged caliper is only per- 
imtted m those cases where all hope of recover)’ from paralpis is 
abandoned 

Thomas Heel. One of the simplest and most useful methods of 
altering the line of weight beating in a weak, abducteil or flat foot is 
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prowled by the shoe alteration descril)ed by Thomas. To be efTective 
the alteration can only be made to a firm walkinp shoe wth a mde, 
low heel. The shoe must closely fit the foot, especial!}’ round the heel, 
in order that the alteration in the tilt of the heel may be transmitted 
to the foot and ankle and not cause a simple sliding of the Avhole foot 
towards the outer side. 

In the alteration the heel is first removed from tlie slioe and is then 
built anew, the leather of each section being cut so that the height of the 
lieel is greater on its inner than on its outer margin (Fig. 4). The 
difference of the two sides .sliould vary between one-cighth and onc-quarter 



Fio. 4 — Tliouias ('roo!vp«l ainl Fic., 5. — Thomw Crooked and 

Elonj?.itpd Heel. Elongated Heel wjtli Sole Piece. 


of an inch, according to the age of the patient and amount of correction 
desired. In addition to the difTerence in its height, the inner margin of 
the heel is elongated towards the sole of the shoe for half an inch, in order 
that a better control can be given to the tarsal region of the foot 

In the treatment of a mobile flat foot no further alteration to the shoe 
is required, but when, in addition to the correction of an eversion of the 
foot, it is desirable tliat the foot should be rotated inwards while walking 
a pad of leather (Fig. 5), one layer in thickness, should be added to the 
inner margin of the sole in the region of the head of the first metatarsal. 

Double Frame. In the treatment of injury or disease of the spine 
correction of the deformity, or immobilization, can be obtained by the 
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use of a plaster bed or of a Thonia? double frame (Fig. 6). When the 
frame is used the patient is more ea^dly imisetl, the back can be cleansed 
without movement of the affected area of the spine, wider exposure of 
the body to wind and sunlight can be obtained, whilst at the same time a 
certain amount of correction of deformity is occurring. The frame con- 



Fici 0 — Tliomav Strsi;;Iit Frane sith IlraUpinn xml Gullous 


sists of two Straight, fiat, iron liara, which rary m thickness an<l strength 
according to the length of the frame lu its construction these two hare, 
which form its basic support, lie 3-4 inches apart at their upper ends, the 
lower extremifies diverging another 2-4 inches These two mam bars are 
joined by traasverse bands at three points, the lowest being just above 
the lower ends, where a short iron gnp is placet! for the fixation of the 
ankle on each side. The upper two connecting bars are designed so that 
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they may meet in front over the patient on the splint, and are constructed 
of mouldable iron ^shich can be bent. 

The back of tlie frame is covered by a firmly packed leather-covered 
pad of lambswool, which extends unbroken from above the upper border 
of the frame to a point below the second transverse bar, and just above 
the position in which tlie patient’s buttocks will lie when the frame is 
in use. Froni this point downwanl the pad is continued on each posterior 
bar, leaving a wide gap in the middle, through wliich the nocessarj’ 
nursing attention may be given vdthout movement of the patient from 
his fixed position. 

jVn adjustable headpiece, which extends from the upper ends of the 
two back bars, adds considerably to the immobilization and may be 
arranged at any position which is foun<l to be suitable. As an additional 
security, tliin metal bars may be added to the outer side of the lower 
portions of the splint so that the legs and knees may be steadied and 
deformity jirevented. 

After placing the patient on the frame, attention to the skin is quite 
simple ; any spot, such as the buttock, on which e.vtra pressure is borne, 
should be rubbecl frequently with a fine cloth soaked in methylated 
spirit, and the area sulisequently dusted with powder, the cloth being 
slid between the patient and the pad \ritliout altering the patient’s 
position in any way. In this way the patient may be retained on the 
splint without removal, and without the development of abrasions or 
pressure sores, for months or years if neewsary. 

Abduction Frame. Tliis splint, which U commonly u«ed in the 
treatment of disease of the hip-jomt. is a simple modification of the 
double frame (Fig. 7). Tlie construction is ahuo'tt identical, except 
that one of the posterior bars is bent outwards to a varying angle, 
usually 10-20 degrees, at the point where the paticnt’.s buttock on 
that Ride will be placed. The headpiece is unnecessary on this frame, 
but extension irons are added on each side, and on the second circular 
lateral bar prosision is made on the straight side for the application 
of a groin strap by which counter-extension may be employed. The 
pull on the affected side is taken by skin traction, the groin strap on the 
sound side retaining the pelvis in its normal position, thus permitting 
the angle of the affected hip-joint to be altered by stages. 

Posterior Spinal Support. Tlie Thomas posterior support is 
simple in its construction, effective in action and easily applied (Fig. 8). 
It is made on the principle that, when the patient is erect, effective 
protection cart be given to a diseased or injured spinal column only 
against antero-posterior strains. No form of support can prevent pres- 
sure passing vertically througlithediseasedor injured area, and all efforts 
to support the spine by means of axillary crutches are entirely futile. 

The support is constructed of an irregular framework of flat bar 
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iron, moulded into the suitable shape. This framework is covered with a 
thin layer of fine felting, which is first firmly stitched in portion, and the 
whole then covered by a coating of thin, uncreased leather. To the lower 
portion of the splint is attached a stout canvas and leatlier belt wliich, on 
application of the .splint, is buckletl firmly round the patient’s pelvis 
between the great trochanter and the crests of the ilia. Padded arm 
straps are attacliMl on either side on the upper jiortion of the splint, 
and after encircling the shoulders these arc tied to a buckle above the 
middle of the support. The frame is so designed that, when the pelvic 
strap has been firmly tightene<l and the Inady of the splint he.s in contact 
with the lumbar spine, the upper jwrt of the support sits out from the 
hack, thus allowing for a corrective pull on the shoulders towards the 
splint, the tendency to flexion deformity being thereby relieved. 

The support is more comfortably worn over a thin singlet and shoidd 
only be removed once a week for change and washing of the back The 
removal is carried out as foHow.s : the patient lies flat on the face, the 
.straps of the support are untiwl from the back, the frame is removed and 
the singlet gently pulled over the head. The back is now washed and 
rubbed with methylated spirit and dusted with powder before the clean 
singlet is applied. Tiie splint is now reapplied, the straps are tightened 
and, with care, the whole operation of removal, washing and reappheation 
can be performed without movement of the affected spine. 

Thomas Collar. Tlie Tbojuas collar (Fig. 0) is made in two 



Fio. 9. — Thomas Pontenor Sphial Sa|iport ^sith Thomas ColLir. 
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distinct types, the simple semi-rigid type, made of a frame of stiff leather 
or felt, covered by washleather, and fixing at tlio back of the neck, by 
means of a buckle, the whole being held, in position by a thin canvas 
strap extending round the chest. 

The more rigid Thomas collar is compiled of a rigid leather basis, 
moulded to the shape of the neck, lower jaw and occiput, iuferiorly being 
moulded closely over the upper part of the chc.st and shoulders. By 
the use of this latter type an efficient iitimobilization of the cervical spine 
can be obtained, an essential factor in the treatment of Pott’s disease 
when the amhulatoij* stage has been reacheil. 

Shoulder Abduction Splint. When prolonged immobilization of 
the shoulder ts being used m the treatment of disease of the shoulder- 
jomt it IS sometimes advisable that, during the period of fixation, the 
joint should he retained at the optimum functional position This 
position must be niaintainwl during the whole period of immobilization, 
because cure of the active disease is ao frequently followed by ankylosis 



Fig, id — ^ liduitiun Ann Spimt 

of the joint. This optimum piwtion vanes with tlie age of the patient 
being, in the adult, 50-70 degrees abduction from the chest-wall, and 
20-25 degrees in front of the plane of the body. The fixation is often 
obtained by the use of a plaster of Pans case which includes the chest and 
upper part of the abdomen, extending to tlie band on the affected side. 
The great weiglit of such a mass of plaster is the chief «]raw back to this 
method ; equally good immobilization ran be obtained by one of the 
comparatively hght abduction frames (Fig. 10). 
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The simplest and most comfortable type of shoulder ab<hiction splint 
is that made from a single continuous strip of round iron wire, extending 
down both sides of the arm and forearm, across the palm of the hand 
and across the front and back of the chest, slightly beyond the middle line. 
From this s^iotit continues downward in front and behind to the level of a 
point between the great trochanter and the iliac crest, where the band 
passes transversely from the front to meet the posterior vertical portion. 

The whole frame is padde<l with felt, which is especially thick over 
the posterior portions where extra pressure is applietl during recumbency. 
The weight of the splint is borne on the lower transverse bar, which 
should take its pressure on the strong fascia between the great trochanter 
and the iliac crest. The arm portion of the frame is mouldetl into the 
desired position, which varies to some extent according to the age of 
the patient and to the mobility of the scapula on the chest-wall. 

Straight Metal Splints. Straight malleable metal splints of sheet 
iron or duralium ate useful in the treatment of many orthopowUc cotv- 
ditions. The latter type have the advantage that radiographic e.tamma- 
tions are possible after their application, but have also the dtsadvantage 
that they are not so firm and do not retain the position of moulding ns 
well as the sheet-iron splint. Tlie gauge of mctnl of svhicb the splints 
are constructed varies according to their length, being of such thickness 
that manual moulding is possible. 



Fios. 11 — Short Cock-up lUntl Splint. 


Hand Splints. These sbeet-metal splints are of two types, the 
long, by which the wrist, hand and fingers can be maintained in any 
position of choice, and the short, which is designed to control the move- 
ments and position of the wrist-joint, the fingers being left free (Fig. 11). 
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The long hand splint has a shallow concave forearm piece, which 
joins the hand-piece at an an|;]e, the hand-piece extending to the tips 



Fio. 12.— L(jng Cotk-up Hand feplmt 


of the fingers, being conv*ex on its upper surface from before baclcwards 
and from side to side, thus preventing hj'perextension and rigidity at 
any of the joints of the hand or fingers (Fig. 12). 

Plaster of Paris. 

The use of plaster of Pans is so widespread in orthopaedic practice 
that it is necessary for the siirgeou to know its composition, and the 
technique of its application. The plaster, or calcium sulphate, may be 
used as a thick paste in which bandages, or layers of gauze or lint, are 
soaked before they are transferred to the area which is to be immobilized. 
The more usual method is to use loose-meshed crinoline bandages, into 
which the dried plaster is ruhbed. These are placed end upward in a 
bucket of tepid water, and aft^r all air bubbles have ceased the bandage 
is removed and gently squeezed at both ends to remove the exceas of 
water. It is then ready to apply, the whole operation of putting on a 
sufficiently thick and firm plaster requiring aliout 6 to 10 minutes. As 
the separate layers are added each should be rubbed in to that already 
in position; by this means the plaster forms one strong, adherent unit 
and does not show any tendencj- towards flaking in the ddferent layers. 

Methods of Application. The plaster may be applied directly to 
the skin, without any protective covering, the fixation by this means 
being extremely effective, the chief danger being the nsk of pressure 
sores over bony points. If these sores can be prevented by careful 
moulding of the case over the danger area, complete immobilization is 
obtamed. The more usual otjd safer method of application is by the 
use of a closely fitting stockinet covering, completely enclosing the area 
to be immobilized, and reinforcetl py fe]fc paildmg at the points where 
excessive jiressnrc is to be expected- A thin lajer of wool may be used 
in place of the stockmet ; the >iool should be of the t^qie used by tailors 
with a semi-sohd backing, which prevents sliding anil rucking. 

When the area Jias thus been prepared, tbe plaster bandages are 
applied ; if stockinet is not employed, the first and all subsequent layers 
must be applied ligbtly and Without ten«ion. If stockinet is used, tbe 
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first layers of plaster ore applied with moderate and equal tension, and 
all subsequent layers are addetl loo«5eIy to prevent the formation of 
creases on. the inner side of the cast. 

The ideal plaster splint is one Trhicli is of equal thickness over its 
whole extent, but in certain areas — such as the hip or knee-joint — where 
the cast will he subjected to excessive strain, a reinforcement should 
be added. This additional strenp:th is provided by a plaster slab placed 
across the suspected area, and lield in place by further turns of the 
plaster bandage. 

Tlie «lgc3 of the cast should be cut and turned to prevent irritation 
of the skin, and when including the foot or hand the cast should always 
be open at the end to allow inspection of the toes and fingers. Setting 
of the case u.sually takes 8-10 minutes, but if subjected to continued 
local pressure during the following hours, dents may be made in the 
cast, causing pain and possibly interference with the circulation. To 
prevent this complication the cast should be supported on a flat, smooth 
surface until it is quite dry, thus maintaining the desired position. 

In removing plaster casts, various form.s of cutters and shears are avail- 
able ; of these the most eatisfactor>' Is the Stille pattern plaster cutters, 
bywhicb even closely fitting casts may be removed with little discomfort. 

Although these rules will help the siugcon in the use of plastcr-of- 
Paris splints,' skill can only be obtained by practice and by experiencing 
complications which have just been mentioned. A survey of the advan- 
tages and disadvantages of plaster fixation helps the surgeon in deciding 
when he should use this method, and when he should rely on splintage. 

The adv8ntagc.s of its use are obvioas : 

1. A plaster splint or case may be applied to fit any deformity. 

2. There is no necessity for the adjustment of the apparatus. 

3. The fixation produced in plaster of Paris is better than that 

obtained in any form of splint. 

4. The patient cannot remove the splint. 

5. The case may be retained for long periods without alteration. 

6. Tlie plaster case does not tend to shrink after application. 

There are, however, several disadvantage'? to the use of plaster: 

1. Sores may develop under the plaster without giving any definite 

clinical signs, 

2. The use of plaster of Paris is difficult or impossible in the presence 

of discharging sinu-ses. 

3. Abscesses may form in a diseased joint which has to be fixed in 

plaster without the possibility of their early recognition by the 

surgeon. 

4. Open air and simlight ate entirely precluded from the area of 

disease or injury. 

5. The weight of the plaster case is often objected to by the patient. 



CHAPTER HI 
RIGIDITY OF JOINTS 

Tlie normal range of movement in a joint may be diininished or lost 
tlirougli changes in the joint itself, in its capsule, or in the tissues external 
to, and not in close relationship to, the joint structures. The problem 
of ngidify, and of the pam which so often accompanies the limited 
range of motion, is one which has not received the attention it deserves 
from the medical profession. This has lieen recognized by the lay 
public, who have in the past relied on the advice of uncjualified pracfi- 
tioners, most of whom have no knowledge of the pathological changes 
causing the rigidity. Tlie art of manipulative surgery has been practised 
from time immenional, and the practitioners of the art have received 
from the lay pubhc an amount of respect which is often unjustified by 
the results obtained. 

The' principles underljiag successful manipulative surgery do not 
differ in any way from those which apply m any other branch of medicine 
or surgery, and whilst a certain amount of crctlit may be obtained by 
the ignorant manipulator, continued success in the practice of this form 
of surgery must depend on a knowledge of the pathological processes 
underlying the di«abihty. 

The causes of duuimshwl movement in a joint may be classified under 
the following headings . 

1. Functional Rigidity 

2. Muscular Spasm 

3 Adliesions 

4. Bony Blocks 

5. Anlcylosis 

Each one of these conditions can he recognized by a senes of signs 
and aymptoiDS which are characteristic, and success in the treatment of 
the rigidity depends solely on tjie success or failure in arriving at the 
correct diagnosis 

FV^CTinHAL RIGIDITY 

Partial or complete limitation of movement of a joint in which no 
pathological changes can be demonstrated is found most commonly in 
young, nervous female patients. It may, however, be seen in strong, 
healthy men, particularly after some severe shock by which the general 
equilibrium is upset. 

The condition is usually easy to recognize, but on occasion there may 
be considerable dilTiculty before the correct diagnosis is reached The 
20 
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affected joint is normal in contour, there is no swelling unlavs the j)atient 
has deliberately caustsl this by circular compression of the affected limb. 
The joint is generally held in & position of extreme deformity ; thus, 
in the foot the tj'pical functional deformity is an extreme eqnino vanis 
with apparent shortening of the invertor muscles. 

Diagnosis. The correct diagnosis can only be reached by a proccs.s 
of elimination, and no diagnosis of functional disorder should ever be 
made without the most complete examination. 

MVSCULjtn SPASM 

WTien the structurc.s of a joint.orof its periarticular tis.sucs are inflamed 
from any cause, movements are restricted or lost by on involuntarj’ 
protective spasm of the muscles which control its function. This spasm 
becomes apparent on any attempt at movement in the inflamed tissues, 
and this reaction of protection remains until all tigns of the causative 
inflammation have disappearcil. 

Following the cessation of spa-sm, movement m the joint is gradually 
restored, and the degree of restoration depends on the completeness of 
the removal of the mflammatorj* process. The muscle spasm Is simply 
an effort on the part of Nature to restrict movements and to protect the 
offcctcd area from trauma, the necessity for this protection iHsappearing 
when the inflammatory changes have sulisidcd. If. however, the 
inflammation in or round the joint has caused thickening, shortening or 
the formation of adhesions between any of these nonnally pliable tissues, 
then movements which stretch these tissues produce p.ain, and a protective 
spasm immediately appears. The treatment of the muscular spasm is, 
therefore, bound up in the treatment of the changes from which it 
originates. 

ADIIESIOXS 

The most frequent cause of the leaser degrees of limitation of move- 
ments in a joint is the presence of adhesions in the neighbourhowl. 
For descriptive purposes these adhesions may be divided into two clasfie.s : 

1. Intra-articular Adhesions. 

2. Peri-articular Adhesions. 

Intra-artlcuJar Adhesions. When a joint is inflamed or injured 
its usual reaction consists in the ontpouring of an abnormally large 
amount of serous or hsemorrhagic fluid wluch is, as a nde, absorbed 
after a varying interval, leaving the joint stnictures unaffected. Follow- 
ing such a sequel of events tlic movements of the joint are restored to 
their pre-inflammator)’ range, but if the lining — either the synovial 
membrane or the articular cartilage — ^has been injured, limitation of 
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movements to a greater or lesser degree is the invariable result. With 
the disappearance of the excc'is of fluid which has kept them ai)art, the 
inflamed tissues become approximated, fibrous bands form betA\een the 
injured surfaces with a con.sequent restriction of movements. When 
the inflammation has been confinetl to the synovia, as may occur in 
any of the several t}*pfcs of synovitis, the adhesions are formed solely 
between neighbouring injured portions of the synovial membrane. If, 
however, the articular surfaces have also been involved in the process, 
as with destructive arthritis, these hands stretch between neighbouring 
articular surfaces, or between them and the synovial membrane. Such 
intra-articular changes most commonly follow on inflammatory or septic 
infection of the joint, but fibrous restricting bands may also be fomieil 
as a result of a fracture into the joint, by which the continuity of the 
articular surfaces has been intemiptCil. At first the newly formed 
fibrous tissue is vascular and easily stretchcrl, but gradually it becomes 
avascular and rigid so that the restriction to movement is more complete, 

Peri-articular Adhesions. Tlic normal movements, even of a 
healthy joint, are only possible when tlie muscular and ligamentous 
tissues surrounding the joint retain their nonnal range of movements 
and elasticity. Adhesions may form round a jouit from many causes; 
thus, ns a result of a blow or twist h®morrhage may occur into tlie peri- 
articular, muscular or ligamentous tissues. Tliis luemonhagc organizes 
and forms fibrous tissue, with the result that the normal elasticity is 
lost and tlie range of movement in the joint is diminished because of 
this rigidity, and also because stretching of these rigid tissues causes 
pain and is, therefore, avoided. Adhesions in the tissues round a joint 
may also form as a result of inflammatory processes Such mflamniatior 
may arise from many causes , thus, mild septic infectious, exposure of 
the part to cold or draught may each result in the formation of adhesions 
with limitation of movements. Similarly, when a ligament is stretched 
beyond its natural elasticity its fibres are injured at their attachment 
to bone. At this spot the same sequel of events takes place, htemorrhage, 
fibrous tissue formation, limitation of movements, and pain on attempted 
active or passive movements. 

This organization of hromoirhage mto fibrous tissue usually takes 
place in 3-6 weeks, during which period the movements of the joints 
gradually become less painfitl, while the resistance to any movement 
which stretches this fibrous tissue is becoming more definite. Accoiding 
to the extent of the injury, hfcmoirhage and subsequent adhesions may 
be present all round the joint, hut more commonly they are limited to 
one aspect, and their presence may only be suspected when the affected 
tissue is put under strain by some particular movement 
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Diagnosis of AnnEsiONs 

The presence of adhesions in the neighbourhood of a joint, which 
is radiographically normal, may be suspected if movements are restricted 
in one or two directions, whilst the other movements are free when 
compared with the normal joint. If all movements of a joint are lost 
tlie cause can be found in true intra-articular changes, but if voluntary' 
movement in any direction h free, full and painless, nrtiiritis cannot be 
present. 

AVhen the adhesions are extra-articular their exact site can usually 
be defined by the discovery of tenderness on digital pressure. This 
sign is also of value in, distinguishing between recently formed vascular 
adhesions, which are often acutely tender, and the rigid avascular fibrous 
bands which are usually entirely insensitive. The reaction of a suspected 
joint to exercise also gives valuable ciddence in regard to the cause of 
the rigidity. Thus, swelling and further restriction follow' on the activity 
of an inflamed joint, while free use of a joint, whose movements are 
restricted by adhesions, proiluce a steadily increasing range. 

Intra-articular adhesions are produced by infections and hicmorihage 
into the joint canty, whilst peri-articular adhesions usually follow on 
direct injuries in the neighbourhood of the joint, or strains of the liga- 
ments attached to the joint capsule, or arc a serjnelie of infections or 
inflammations in the tissues round the joint. The term " intra-articular 
adhesions ” should be confined to those fibrous bands winch extend from 
neighbouring portions of the symovial membrane, binding them together 
and restricting tlie range of active motion of tlie joint. The fibrous 
bands, which form between injured articular surfaces as a result of their 
partial or complete destruction of the articular cartilage covering the 
bone ends, should be defined as inter-articular adhesions, as indicating 
their position between the articular surfaces. 

It is often difficult to differentiate clinically between intra and 
extra-articular adhesions. The two conditions liave many features in 
common ; thus, in each there is, as a rule, some range of clear, painless 
movement. In neither condition are the changes accompanied by a 
rise of temperature, either general or local, and, as a rule, appreciable 
swelling Is not present, either in the joint or in the peri-articular tissues. 

There are, however, certain iealurw which help in the differential 
diagnosis ; thus, intra-articular adhesions always follow on inflammations 
and excessive swelling of the joint itself, while peri-articular adhesions 
are usually caused by an injury or strain which is not accompanied by 
symovial effusion. Again, in the preience of intra-articular adhesions, 
the full range of free movement in any direction is usually restricted, 
while one of the outstanding features of peri-articular adhesions is the 
free, unrestricted, painless range of movement in at least one direction. 
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TBKATMnXT OF AoirESIONS IN THE NEIGHBOURHOOD OF JoiNlS 

The treatment of ndliesions in the neighboiirboocl of joints may be 
divided into two stages : 

1. Preventive. 

2. Active. 

Preventive Treatment. The so-called “ adhesions of disuse ” are 
usually the result of prolonged immobilization of a joint, in which the 
lining membrane or the peri-articular tissues are the seat of inflammatorj’ 
changes They may also be the result of the prolonged fixation of a 
joint in an abnormal position, a “normal” position of a joint bebg 
taken as an angle between the extremes of flexion and extension. This 
question of the correct position of immobibzation is of the very greatest 
importance ; if a normal joint is nnmobiliz«l m a “ normal " position no 
rigidity results, but if the joint has been maintained m a position in which 
any of the ligaments have been subjected to continuous strum, adhesions 
are formed at the point of strain 

Again, after injury to a joint or to its surrounding tissues, the whole 
area becomes swollen, infiltrated and tblclcened. This infiammatory 
swelling, if left untreated, will probably lead to a limitation of move* 
ments through the formation of adhesions between the inflamed tissues. 
Dispersal of these inflammatory products depends largely on improve* 
ment in the local circulation. Protection of the injured tissues from 
further trauma, massage of the area, radiant heat and encouraged active 
movements all lead to a localized vaso dilatation and to the dispersal of 
the inflammatory mass. If, in spite of this form of preventive treatment, 
there is no improvement, or where adhesions have already formed, the 
second line of treatment must he adopted. 

Active Treatment. Two conditions are ewential for success in 
the treatment of adhesions by manipulation, whether intra- or peri- 
articular. The first of these is the alwence of destructive changes in 
the articular surfaces of the affected joint These, if present, would not 
prevent movement of the joint under ansestliesia, but the manipulation 
would be followed by such pain and swelling that subsequent active 
movements would be impossible The second condition is the age of the 
adhesions ; when first formed adhesions are locee, elastic, highly vascular 
bands which would tear easily when subjecteil to tension, but ivould 
Te-SoTin rapidly because of their bigb va'^culaxity. Ailhesions which have 
been present for a considerable period gradually become avascular, being 
converted into dense fibrous tissue, the blood vessels disappear, and after 
rupture there is little tendency towards re-attachment 

It may, therefore, be stated that, during the early stages when 
adhesions are forming in or around the joint, they may be, to a large 
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extent, prevented by massage, radiant heat and active movements. After 
their formation such treatment vnll improve the tone of the muscles, hut 
cannot disperse firm adhesions wthout their preliminarj’ ruptmre by the 
use of forced passive movements, either with or without anasthesia. 
One other factor may lead to failure following manipulation performed 
with the object of breaking down adhesions. Such an operation is 
.frequently followed by considerable pain, and if the patient is not 
encouraged and lielped to use the joint freely, and is allowed to hold 
the limb in the position in which it is comfortable, no improvement 
can follow even a correctly conducted operation. The operation of 
manipnlation must, theiefoie, always be followe<l by a course of assisted 
voluntary movements, combined with massage, which act together in 
restoring movement. 

Although there are many special points to be remembered in the 
technique of manipulation of particular joints, certain .principles are 
applicable to all manipulations. The first and most important of these 
concerns the necessity for gentleness in the performance of any passive 
movement, with or Avithout the help of anje-sthesia. The affected joint 
should, if possible, be put through its full range, one complete movement 
being performed in cacli direction. Repeated movements are of no 
advantage j they only cause irritation, and may be followed by traumatic 
synovitis, or even artliritis. 

The second essential for success in manipulation is the use of gentle, 
steady pressure during the whole procedure. If sudden, uncontrolled 
force is used, soft tissues may be tom, or a fracture may occur in a bone 
whose strength has been diminished by prolonged immobilization. The 
prospects of succe-ss following a manipulation can be judged by the 
sensation given when the adhesions arc torn. If a sudden, sharp snap 
is felt the result \vill be satisfactory, os the adhesions are probably 
avascular and fibrotic, while an mdefinlte feeling of tearing round the 
joint indicates usually the presence of more vascular adhesions, with the 
probability of re-formation. Although these rules are applicable to 
most joints there are certain exceptions in which the reaction to manipu- 
lation is definitely unfavourable. The two outstanding exceptions to 
the general rule are the elbow and the metacarpophalangeal and inter- 
pbalangcal joints, where manipulation is often followed by a diminution 
rather than an increase in the range of movement. 

The reaction of these joints is so unsatisfactorj' to the ordinary 
type of manipulation that a specially modified technique should be 
employed. The affected joint should be moved through a few degrees 
and fixed in the new position for 24 hours, active movements should 
then be encouraged, and if the increased range has been maintained a 
further stage may then be attempted. In the finger-joints, stiffness is 
often caused by a combination of adhesions and traumatic arthritis, 
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and any attempt at forced movement during the active stage of the 
arthritis is doomed to’ failure. Considerahle improvement in Loth the 
arthritis and the adhesions follows on physiotherapy, consisting of 
railiant heat, hot hathing, massage and gentle pa.ssive movements. In 
fact, more benefit in tiie treatment of finger rigidity is obtained by 
physiotherapy than by the most carefully executed manipulation. 

If the attempt to gain further movement in the elbow-joint has 
been unsuccessful, there is, as a rule, no advantage to he gained from 
phj’siotherapy. Active vise of the joint up to the point at vvlvich pain 
IS developed should he encouraged, and this routine usually improves 
function and the scope of movement. 

Treatment of iNXER-ARTtcuiAR Adhesions 

When fibrous bands have formed bctw’cen the adjacent articular 
surfaces and between these and the capsule of the joint, adecLsion ns to 
the possibility of obtaining a useful range of painless movement in the 
joint is usually a matter of extreme difficulty. Help in making the 
decision is given by the radiograph, where gross irregularity of the joint 
surface may he taken as a definite contra-mdication to manipulation. 
As a rule the fibrous tissue c-xtends not only between the articular surfaces 
but also between neighbouring portions of the sjTiovinl lining, and between 
this membrane and the bon© ends The po«8ibility of improvement under 
these conditions depends not only on the extent of the destructive process 
but on the nature of the causative arthritis. If resulting from tuber- 
culous infection any attempt at passive movement must be avoideil, 
becaiLse of the fear of lighting up the quiescent disease If, however, 
the articular changes have rcsiiltetl from a pyogenic infection of the 
joint, the possibility of restonng a i«'«?ful range of movement tlepends 
largely on the severity of destruction present m the articular surfaces. 
If the destruction is extensive, with a diminished joint space, manipula- 
tion IS likely to he followed by great inflammatory reaction m the joint, 
by great pam and swelling and no increase of function. If, however, 
the joint space is little affected,' with only slight destruction of the 
articular surfaces, it is prob.iblc that a gentle nianipuhtion under 
ansesthesia will be followetl by a negligible reaction, and by an mcrc.isevl 
range of active movement. If it is considered advisable to attempt the 
manipulation certain important precautions must be adopted Any 
attempt at putting the joint through ite full range of movements, as 
m the case of pen-articnlar adhe'uons. is certain to full in its object. 

To understand the routine wluch should be followed in this pro- 
cedure, a knee-joint— witli inter-articailar adhesions, without much 
change in the joint space, .and with very slight alterations in the articular 
surface — may be taken ns an example (Fig. 13). 
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'.Under full anrcsthe'^ia the joint is bcht through an angle of 30-15 
degrees, the range depending on the amount of resistance encountered. 
The joint is now placnl on an inclineil plane at the ina.vimum angle 



Fia. in. — Maoipuktion of Knoe. •hnft of femur protected bj nwietant. 


obtained under anxsthesia (Fig. H). The following day. when the pam 
is less, the patient is encouraged to exteml the joint, gentle massage being 
given to the thigh and knee to improve the circulation and dimmish any 



Fio. 14 . — Kdpo Kucprntlcil sfter Jfanipulatiuii. 


swelling which has followeil the manipulation. No further flexion is 
attempted until the full power of extension has been restored. If the 
joint remains in the flexed position, after a fortnight’s encouragement and 
massage, it is evident that artiv’e movements are not possible, and the 
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joint sliould be allowed to return to the position of full extension where it 
may be more easily protected from strain, and will be of the greatest 
functional use. Even though the attempt has failed, rest of the joint for 
3-6 months may result in an improvement, and another attempt at 
increasing the range of movements may then be successful. If, however, 
the power of extension of the joint is restored, further flexion may be 
undertaken on several occasions, until the range of volimtarj' movement is 
in the region of 90 degrees, further movement usually resulting from 
normal use of the joint. 

RIGIDITY DUE TO BONY BLOCKS 

Limitation of movement in a joint may be caused by the presence 
of abnormal bony formations in its neighbourhood. These prominences 
may be the result of mal-union or excessive formation of callus round 
a fracture m the neighbourhood, or may be of new formation, as in 
myositis ossificans traumatica. 

TRBaT>JB.VT 

Tlie treatment of the rigidity depends entirely on the cause of the 
bony tumour. When resulting from mal-union of a fracture the limita- 
tion of movement is always caused by a combination of two elements, 
the mechanical block and widespread adhesions The greater the mal- 
union the more extensive the adhesions, and although it may appear 
from a radiographic exammation that the limitation is entirely due to 
the bony abnormality, mam'pulatiou of such a joint usually results in 
rupturing the adhesions, and an increased range of movement in the 
jomt can be obtained 

In deciding on the course of treatment wliicli should be adopted in 
any particular instance, the adhesions should be dealt with first by 
manipulation, after which it may be considered inadvisable to interfere 
with the bony mass. If further movement is desired it is usually 
advisable to remove the excess of callus, or to chisel off any projecting 
spike of bone which limits movement, rather than attempt to recon- 
struct the fracture with the mevitable risk of the re-formation of the 
obstructive mass. The treatment of myositis ossificans traumatica is 
dealt with in Chapter XV. 


ANlKYimiS 

The term ankylosis, or absence of movement in a joint, is usually 
applied to the condition of niddity which is caused by the presence 
of a band of union between adjacent articular surfaces. When a joint 
13 surrounded by a mass of strong pen-articular adhesions, movements 
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may be impossible, even though the articular surfaces are normal. Such 
a condition is correctly described ns complete rigidity, whilst a similar 
loss of movement, caused by the effects of erosion or disintegration of 
the articular surfaces, is an ankylosis. 

Ankylosis can be diWded into two classes according to the nature 
of the material joining the artieuhir surfaces : 

1. Bony ankjdosis. 

2. Fibrous ankjdosis. 

Another and more useful clinical cla.ssification of ankylosis is that 
given by H. 0. Thomas : 

1. Sound anh/Iosia, which may be cither bony or fibrous in 
nature, but is of such strength that no alteration in the position 
of the ankjdosed joint results from functional activity, 

2. Unsound anhjhsis, which is alwh)*s fibrous in character 
and in which use of the joint is followed by an alteration in the 
.angle of fixation. 

The two clinical typos of sound ami unsound ankylosis are not entirely 
distinct ; an unsound ankylosis may, by suitable treatment, be convertecl 
into a sound anlylosis. Tlie stability of the fibrous tissue, which joins 
the two roughened articular surfaces, determines the character of the 
ankylosis. SMicn long and weak it allows alteration of the angle of 
fbeation, when short and strong the position is maintained in spite of 
strain. If the long, weak, fibrous mass can be protected for a sufficiently 
long period it becomes firm and more resistant, thus altering the con- 
dition of the joint from an unsound to a sound ankylosis. 

PnEVEXTIO.V OF <VxKycosis 

The preventive treatment of ankylosis is in reality the early treat- 
ment of infective arthritis, as described in Chapter XXIV, or the treat- 
ment of chionic arthritis, as describwl in Chapter XI. 

Treatmejtt of Ankylosis 

linny problems are encountered in the treatment of fully developed 
ankylasis, the first and most important being the advisability of altering 
the position, or the type of ankylosas, or the conversion of the ankylosed 
into a mobile joint. When the ankylosis is sound, painless, and the 
affected joint is in good position and does not interfere with the patient’s 
work or pleasure, no treatment is usually advisable or necessary. If, 
how ever, the patient insists on having a movable instead of an anlydosed 
joint, the various advantages and disadvantages of such a procedure 
should he enumerated. Thus, with most joints, although it may be 
possible to obtain movement, such improvement in function is usually 
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accompanied by a yarjnng of instability. If the ankylosis is 

painless, it is impossible for the surgeon to guarantee that the increased 
movements resulting from the opration »il! be equally painless. 

There are, however, certain considerations in regard to work or play 
which persuade the patient, or the surgeon, of the advisability of per- 
forming some type of mobfliring operation on an ankj’Ioseci joint. In 
some instances, movement at the elbow is necessary in the patient’s 
business. In others, the presence of two ankylos^ hip-joints may 
make the patient’s life extremely uncomfortable, and movement — even 
though accompanied by some loss of stability — is often of the very 
greatest service. 

It may be laid down as a rule that operations on ankyloseil joints 
may be advisable with the following objects in view : 

1. To correct deformity. 

2. To convert a painM into a painless ankylosis. 

3. To give anorement where this as essentaal. 

To obtain these results five principal operative measures are employerl, 
and any of these methods may be advisable under certain circumstances 
in a particular tjTpe of ankylosis. These operations are • 

1. Osteotomy. 

2. Arthrodesis. 

3. Arthroplasty. 

i. Pseudarthrosis 

5. Excision. 

The advantages of any one method cau best be appreciated by the 
consideration of nnk}’Iosi8 occurring m each joint sejiarately 

Ankylosis of the Elbow^jolnt 

Sound ankylosis of the elbow joint causes the minimum of disability 
when the joint is fixed about 10 degrees below a right angle If the 
rotation at the superior radio-uJnar joint is also hkely to he lost the 
forearm should be placeil midway between pronation and supination. 
Ankylosed in this position, the elbow-joint usually gives little incon- 
venience to the patient and the fumrtional activity is little loss than 
normal. If, however, the ankjdosis is painful, or if movement at the 
joint J3 essential for the patient’s work, the clioice of tre.itment lies 
between arthrodesis, arthroplasty or excision of the joint. 

£»/ the ESiwjy, The epexative fusion of on unsound, 
painful elbow, and its conversion into a painless, rigid joint is very rarely 
necessary. As a rule, fixation of such a painful elbow in a plaster or 
leather case for 6-12 months results m the disappearance of pain, and 
the development of a sound ankylo^s, which does not alter its position, 
even with prolongctl functional activity. Very occasionally it may be 
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necessary to perform a combinwl intra- ami extra-articular arthrodesis, 
the technique of which is very sinulat to that descri\)cd for tirtl»r«lesis 
of the hip-joint. 

Arthroplasty of the Elbow. Movements in an ankylosed elbow- 
joint may be obtained by tlie ojiemtion of arthroplasty, in which a tliin 
layer of hone is tcn\ovcd from the lower end of the huincrits and the 
upper end of the radius and ulna, the normal contour of the bony 
structures being more or less retained, while the soft tissue lining of the 
joint is replaced by an interposed laj'cr of transplantetl fascia lata. 
Through a long posterior incision, extending for 6 inches above and 
4 inches below the tip of the olecranon, the triceps mitscle, its tendon 
of insertion and its expansion into the subcutaneous border of the shaft 
of the ulna are split in the middle line. The posterior surface of the 
shaft of the humerus is gently cle.irod from its muscular and tendinous 
attachments, great care being taken on the inner a<ipect to prescr^’c the 
ulnar nerve from injury during dissection. The olecranon and upper 
part of the ulna are similarly frec<l, and the extensor and flexor muscles 
raised on each side so that lioth aspects of the clbow-jomt are freely 
exposed, K the ankylosis is fibrous, fotceil flexion of the joint is \isuaUy 
sufficient to separate the bouc.s, which then project prominently in the 
operation wound. If the onkylosis is bony in character, the bones are 
separated by chiselling round the lower end of the humerus. When 
the bones appear in the wound a thin layer is sliavcd off the articular 
surfaces of the humerus, olecranon and lieaci of the radius, leaving n 
gap of at least three-quarters of on inch between the rough bony surfaces. 
A wide sheet of fascia lata, which has been removed from the outer 
aspect of the thigh, is carefully wrapped round the lower end of tlie 
humerus and the raw surfaces of the radius and ulna so that all the 
raw bone is covered, and the covered end of the humerus is then replaced 
in the enlarged cavity of the olecranon. The operation Is now completed 
b}’ suture of the split triceps muscle and its expansion ; active move- 
ments are cncoutagwl after the second day, and as a result, a range of 
about 75 degrees active movement is to be expected. 

Excision of the Elbow. A greater range of movement, and a more 
consistently succes.sful result can be obtained by means of the operation 
of excision of the elbow-joint, in which a much larger portion of bony 
tissue is removed, movement subsequently occurring through the fibrous 
tissue which fills in the gap between tbe divided bones. The operation, 
however, has the disadvantage that the lateral stabihty of the joint is 
diminished, but where movement is essential, excision is to be preferred 
in most cases to arthropListy. 

The operation is performed through the same approach as already 
described for arthrojilasty. After cleanng the lower end of the Immerus 
and the upper ends of the radius and ulna, the lower end of the humerus 
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is reuiovecl by sawing tlie bone just above the upper bonier of the articular 
surfaces. Through a straight saw-cut the upper end of the radius and 
the upper part of the ulna are removed at the level of the under aspect 
of the coronoid process. In order to ensure a successful result, the 
removal of the bone must be of such extent that, on full extension of 
the arm without excessive traction, there is a gap of U inches between 
the divided bone-ends When the correct amount of bone Las been 
removed, and the ends liave been smoothed, the triceps and its expansion 
are sewn back into position, and the arm jilaced in extension with a 
moderate pull on the forearm. The object of this extension is the 
separation of the bone-ends and the prevention of cross-union, which 
occurs readily if the elbow is placed in flexion directly after the operation. 

After 10 daj's’ fixation in extension the elbow is flexed by easy stages, 
and maintained at a right angle until recovery of active flexion and 
extension of the joint have been obtained. Active use, gentle massage 
with Bupervusion, to prevent ovcrstretclung of the newly formed long, 
fibrous ankylosis, complete the treatment. 

Ankylosis of the Shoulder'joint 

Injuries to the region of the shouIder-joint are fully discussed in 
Chapter Y. With ankylosis of the joint the suitable tj 7 >e of treatment 
depends on the type of ankylosis. 

Fibrous Ankylosis. Fibrous ankylosis of the shoulder-joint may 
follow on any type of infective agent, probably the most common being 
the tubercle bacillus. 

In this joint, operations, such as arthroplasty and excision whose 
object 18 the increase of active movement, have no place, and if either 
of these operative procedures are employed in the shoulder-joint the 
result IS a flail and often painful jomt When voluntary movement of 
the shoulder-jomt is lost, a considerable range of useful functional activity 
can be obtained if the joint is onkylosed in a position of abduction 
YTien the joint is fixed in this position tlie muscles, which normallj' 
move on the scapula alone, now act on the scapula and humerus in one 
unbroken bony mass. There are certain essential conditions which must 
be present before such movement con be utilized : 

1. The scapula must not be fixed by extensive adhesions, or fibrosis 
to the chest-wall. 

2. TAw icwjinVj> wivrA’ jiet- jiv Ahejwa^ila jxui.st Jie juiffirieiitly stroiig 
to accoinphsh the extra effort. 

3. The angle of ankylosis must be suitable for the age of the patient. 

The importance of these first two considerations is cjuite clear, and 

m regard to the third, ankylosis of the shoulder-joint m a child may 
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be allowed to occur at on angle of almost right-angled abduction, whilst 
in the adult, this angle should not be greater than CO or 60 degrees with 
the arni brought forward 10 degrees in front of the plane of the body. 
The difference of the angle of ankylosis in adult and child depends on 
the comparative mobility of tissues at different ages. In the child with 
its looser tiswuc-s the e^ccursion of the scapula on the chest wall is much 
more extensive than is possible with the more rigid tis.siies of the adult. 

When, during the active period of infection in the joint, there is a 
possibility of nnk}’Io.sis occurring, the shoulder should be fixed at the 
suitable angle of abduction on an abduction splint, and maintamixl 
uninterruptedly in this position for at least 3-6 months. If, at the end 
of that period, the ankjdosis has become firm, and the tendeniess and 
swelling have disappeared, unsupported use of the limb may be permitted 
for a short period each day. If, as a result of this test, the angle of 
abduction has decreased, it is evident that the oukylosis is unsound, and 
further prolougecl fixation may be necessary to convert the unsound 
into a sound ankylosis. 

Usually it is impossible, even by prolongcil fixation, to obtain a firm 
ankyloiiswhen the intervening tissue is fibrous; under these circumstances, 
if a firm union is considered essential this can only he obtame<l by 
arthrodesis, as described in Chapter X. Bony nnk 7 losis is obtained with 
greater frequency if the combined inlra- and extra-articular technique 
is employed. 

Ankylosis of the Wrist-Joint 

Ankylosis of the wrist-j'oint may follow infection, and if firm and 
painless and confined to the wrist-joint there is comparatively little 
ilisabilitj’, and little loss of strength in the hand. When the inferior 
radio-ulnar joint is also involved in the ankylosis the rotary movements 
of the forearm are lo«t, and the disability is greatly increased. 

Good function following ankylosis of the wrist depends largely on the 
position at which the joint has become fixed. With the ■\\Tist immobilized 
in palmar flexion, the power of gra.sp of the hand is diminished, while 
with the joint fixed in its optimum position of 15 degrees dorsiflexion, the 
strength of the hand and fingers is at its optimum. It follows, therefore, 
that if there is a pos.sibility of ankylosis resulting, the wrist must be 
maintained in this optimum position of 15 degrees dorslfle.xion. During 
the jieriod of fixation by splint or plaster case, complete freedom of 
movement must be permitted in the metacarpo-phalangeal and inter- 
phalangeal joints. 

Operations to produce bony fusion in the wrist-joint are occasionally 
neces-sary following fractures into the joint, or infections. When the 
operation is undertaken the joint is approached through a dorsal incision, 
extending over the back of the lower end of the radius, the carpus and 

r.03. c 
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the metacurpals’, auil through this incision the cartilage is removed from 
the radius and proximal row of the carpus. This mtra-articular fusion 
should be reinforced by the use of a tibial l»onc graft, which estcntb in a 
deep groove m the carpus from the lower end of the radius into the base of 
the middle mctacarjal. Fusion means of the bone graft alone may 
be attempted if tliere is a great risk of lighting up infection in the ankylosed 
joint; the operation, although attractive, is not always successful. 

Ankylosis of the Inferior Radlo-ulnar Joint 
Ankylosis of the iufenor radio-utnac joint, with the consequent loss 
of the power of rotation of the forearm, is a peculiarly disabling con- 
dition, which prevents many patients from continiiiiig with their normal 
work. Relief from the disability can be obtained by removing the 
lower inch of the uhia, including the articular surface and the styloid 
process. This operation, which obhterates the action of the inferior 
radio-ulnar joint, leaves a useful hand with fair stability, but a better 
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result is obtained by the operation of Baldwin, in which the ligaments 
of the ASTist are not divided. 

Baldwin’s Operation. An incision is made over the sliaft of the 
ulna, extending from the base of the styloid process 3 inches up the 
shaft of the bone. After freeing the Lone from its muscular attachments, 
a complete section of the ulna and its periosteum is removed, 1-1 J inches 
in length, the lower bone division being one inch above the styloid 
process. As a result of tliis proccrlure the movements, wliich originally 
took place at the inferior radio-ulnar joint, arc now performed at the 
un-united fracture of tlie ulna. The result is excellent, the strength of 
the hand and forearm being almost equal to normal (Fig. 15). 

Ankylosis o( the Hip-joint 

Ankj’losis in Deformity- As in any other joint, the most impor- 
tant single factor is the provision of a useful limb in the angle at which 
the joint has become fixc<l. This angle of fixation is not necessarily 
the same in all patients ; if the patient is othenvise normal and the 
ankylosis sound and unyielding, the ideal position of fixation is 6-10 
degrees abduction ivith 15-20 degrees flexion. The slight abduction 
allows free<lom in walking, and the small amotmt of fle.xioQ deformity 
is of advantage to the patient in sitting. A greater degree of flexion 
at the joint is of still further comfort in sitting, but casts a much greater 
strain on the lumbar spiue when the patient is in the erect position. 

If the ankylosis of the hip is associated with shortening of the affected 
leg, an increase in the abduction to 15 degrees, or even 20 degrees, although 
of advantage in increasing the apparent length of the leg, causes an 
increased strain on the lumbar spine. It ia, in fact, better to compensate 
for the shortening of the leg by raising the boot on the affected side 
rather than to throw too great a strain on the lumbar spine and the 
Lmee by increased abduction. 

There are, however, certain conditions m which we must alter our 
opinion as to the ideal position of fixation of an ankylosed hip-joint. 
In generalized infective artimtis of the joint, in which the spine; hips, 
knees and shoulders become ankylosed, fi-xation of the hip-joints in 
extension only causes misery to the patient. It is better to realize 
under these circumstances that the patient is unlikely ever again to be 
active, and that he ^vill henceforth be doomed to complete lerambency 
unless the hips and Icnees arc allowed to ankylose at right angles. If 
this is done the patient can then sit up, or lie doivn in comparative 
comfort, and can get about in a whcel-chair instead of being earned on 
a stretcher. 

The common position of deformity of an ankylosed hip is flexion 
and adduction, which follows naturally tai the over -action of the strong 
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ilio-psoas and adductor muscles during the period of activity of tlie- 
disease which produced the ankylosis. The treatment of such deformity 
naturally dcfiends on the type of anlylosis present. If the ank 7 losis 
Is sound and unyielding, correction of the defonnity by osteotomy, 
and fixation of the thigh in slight abduction until consolidation is com- 
plete, is the ideal treatment. If, however, the onlcjdosis is unsound, 
the osteotomy is likely to he follovred by recurrence of the deformity 
and operative fixation of the hip by arthrodesis is then advisable. In 
the presence of ankylosis of both hip-joints the patient is so incon- 
venienced that every effort should be made to produce movement at 
one or other of tlie ankylosed joints. 

Osteotomy. Deformity in the hip-joint can be easily corrected by 
means of osteotomy, which is performed either through or below the 
intertrochanteric line. IVtfh an acute dexion deformity of the hip it is 
essential that the line of osteotomy should be placed no lower than 
the transtrochanteric plane, m order that the upper fragment, which is 
left in its original position, should not present as a sharp bony prominence 
under the femoral vessels or the overlying skin. 

The ideal osteotomy would lie one tbrougli the femoral neck — a 
procedure which was common many years ago but was discarded owing 
to the frequent occurrence of non-union. When the osteotomy has been 
performed, as in Fig. 82, two methods of fixation are available, the first, 
fixation of tlie limb in a plaster cast at the best angle obtamalile. This 
angle is not usnally that of complete correction of the deformity as the 
soft tissues on the inner side of the 1/mb have become contracted, and 
can only be lengthened by gradual stretching. The second method has, 
as Its object, the stretching of all the contractctl tissues and the complete 
correction of the deforrmty. To do this the patient is placed on an 
abduction frame, the leg is pulled firmly and continuously until the line 
of the pelvis is straight and the hip is in slight abduction. When this 
position of complete correction is attained, the patient may be removed 
from the frame and fixed in a long plaster spica until bony union is 
complete, walking then being pennitteil. 

With unsound anlcylosis the problems to be faced are complicated, 
and a decision has to be made as to the relative value to the patient of 
any of the folloinug procedures ; 

1. Prolonged fixation in plaster. 

2. Aithiotiesis of the joint. 

3. Aithioplasty. 

4. Pseudarthrosis. 

5. Osteotomy and change of alignment 

Tliese problems are fully considered in Chapter VTI, and the various 
considerations ei^ressed there are equally applicable in the case of an 
unsound anl^losis from any cause. 



ANKYLOSIS OF THE KNEE-JOINT 


37 


Ankylosis of the Knee-joint 

The problem of linntatinn of mov'ement of tlie knee, omng to 
the presence of adliesions in or round the joint, is disciLSScd in 
CImpter IV. 

Loss of movement maj' also be caused by muscular shortening, or 
by the involvement of muscle in a mass of scar tissue, a complication 
which aiTects the quadriceps extensor group of muscles more frequently 
than any other. Here, the muscular mass of the quadriceps Is usually 
bound down to the front of the femur following a compound fracture, 
or osteomyelitis. The site of fusion between the muscle and the bone 
becomes evident when an attempt is made to bend the joint passively. 
As a rule, the adherent scar is so strong that vigorous passive flexion of 
the joint svould result in fracture of tlie p.itella, or rupture of the liga- 
mentum patella*, rather than in restoring movement between the 
quadricep.s and the femur. 

If thought adsnsahlc the quadneeps may be freed from the femur 
through a long external incision ; when they liave been separated, re- 
adherence may best be preventetl by active and passive movements of 
the joint, which are started the day after operation. The use of a plate 
of transplanted fascia lata, or fatty tissue between the separated 
quadriceps and femur, has not proved to be very successful, better results 
being usually obtained from early movement. 

Considerable improvement m the function of the joint can often be 
obtained by the operation of lengthening the rectus femoris tendon 
below the point of adherence of the scar. The success of this operation 
depends on the fact that, ns a rule, the scar extends between the femur 
and the central portion of the quadriceps, the vasti being usually^ 
unaffected. 

The tendon is lengtliene<i by a Z elongation, the knee-joint being 
retained in fle.xion for the first 2 weeks following the operation. 

"When true ankj’losis is present in the knee various points have to 
be taken into consideration before <lcciding on the advisability of any 
operation designed to produce movement in the joint. The operation 
should never be undertaken when the ankylosis is the result of tuber- 
culous infection of the joint. The risk of lighting up the quiescent 
disease is so great that no attempt should be made to obtain movement 
by operation. A sound, painless ankydosis of the knee — whether bony 
or fibrous in character — is, in most cases, preferable to the condition 
of a joint in which movement is accompamed by instability. Only in 
very selected cases, in which for some special reason the patient is 
very' anxious to have movement, should the operation of arthroplasty 
of the knee-joint be consideretl. Patients are met with occasionally in 
whose work mo'vement of the joint is essential, and with them even the 
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prospect of instaLility is not of so great importance as the advantages 
of movement. 

Arthroplasty of the Knee. The most successful results of arthro- 
plasty of the Itnee have been obtained by the use of the technique of 
Patti. In this operation the joint is opened by a vertical incision above 
the patella. From the lower end of this incision two curved incisions 
embrace the upper edge and lateral marphis of the bone. The patella 
is nosv reflected downsvanls, still attached to its ligament, and after 
remodelling the lower end of the femur and the upper surface of the 
tibia, each of these raw surfaces is covered by a layer of fascia lata. 
After re-attaching the patella to the quadriceps the wound is sutured, 
and the knee kept at rest in a slight degree of flexion for 2 weeks. En- 
couraged active movements are then me<l to restore movement in the 
joint, and the success of the proceilure depends largely on the ability 
of the patient to stand the pain c-sused by these movements m the first 
few weeks of activity. 


Ankylosis of Ibe Ankle 

If the ankle-joint is firmly and painlessly ankylosed m good position, 
no attempt should be made to produce a movable puit. Any liinitatlon 
of movement at the aokle-}oint is compensated by an increased range 
at the midtarsal and subastragaloid joints. If, liowever. the ankylosis 
is unsound and painful, or if a firm ankylosis has occurred at an un- 
favourable angle, operative correction is necessary. With painful anky- 
losis, arthrodesis of the joint is advnsable, and in the case of anlylosis 
in a faulty position a corrective osteotomy may be requited. 

Arthrodesis of the Ankle. The ankle-joint is exposed through a 
5-mch dorsal vertical incision along the outer border of the tendons of 
the extensor longus digitorum ; the soft tissue having been retracted, 
the articular cartilage is removed from the lower end of the tibia, and 
from the dorsum and sides of the astragalus, together with that of the 
inner aspect of both malleolci. As an additional stimulus towards 
ankylosis, an osteotomy of the fibula is performed above the base of 
the external malleolus, so that this bone may be appioximatcd to the 
outer surface of the astragalus. The roughened bony surfaces of the tibia 
and astragalus are now further chiselled and fragmented so as to increase 
their bone-forming surfaces, and after closure of the wound the foot is 
pjVosi’ crt s p^s?tep-<f!‘'Pxns casern i’Av? pc&'tMM wjt.b the ankle at 

right angles for a period of 4-6 months. \X hen bony union is complete 
tlie patient can walk on the foot without any form of proteefam, and 
with a useful^ painless foot. 
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DISABILITIES OF THE KNEE-JOINT 

TRAUMATIC SYNOVITIR 

When a normal joint sustains a severe strain it responds, as a rule, 
by the secretion of a large amount of synovial fluid, which distends its 
cavity and obscures its normal outlines, -The increased tension within 
the joint causes a feeling of discomfort rather than of pain, while the 
range of movement is diminished to an extent proportional to the amount 
of fluid present. Tliis increase of fluid is not accompanied by a rise of 
temperature, either local or general, while at the same time the patient’s 
general condition remains unaffecte<l. The abnormal effusion is the 
result of a localized h}*peKCDiia, which appears rapidly round a tear or 
bruising of the synovial membrane, and this increased vascularity remains 
until the original injury in the synovial membrane has been repaired. 
The increased synovia! effusion is, as a rule, accompanied by a certain 
proportion of blood which arise.s from the svmovial tear and vanes in 
amount with the extent of the tear. 

Diftebbntial Diagnosis 

Some difficulty may be experienced In divtinguisbing between trau- 
matic synovitLS and hromarthrosis, which follows a very similar, though 
usually mote severe, injury. Considerable help in making the diagnosis 
is given by the history of the accident ; when sjmovitis only is present, 
swelling does not usually appear until 5 or 6 hours after the injury, 
whilst the distension caused by bseroartlirosis follows almost immediately 
after the accident. This clinical dilTerence in the time of onset of the 
swelling is of assistance in distinguishing uncomplicated synovitis from 
hajmarthrosb, but the greater the proportion of bjemorrhage accom- 
panying the synovitis, the shorter is the interv'al between the injury and 
the appearance of the swelling. Palpation also gives assistance in 
distinguishing between synovitis and ha‘martbro?is, the amount of 
resistance to the examining fingers being much greater in the latter than 
in the former condition. The diagnosis can always be confirmed by 
aspiration of part of the fluid contents of the joint, the aspiration being 
simple and safe so long a.s strict aseptic precautions are employed. 

Trcatvient 

As in the tre.itment of any other injured or inflamed tbsue, rest is 
essential. It is given most effectively by keeping the patient recumbent 
for the first few days. The knee should be kept firmly bandaged on a 
39 
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sjilint mth the joint in a position of slight flexion, the bandage being 
confined to the region of the joint itself, not extending beyond the upper 
border of the patella, leaving the drculation of the thigh muscles un- 
impaired. Voluntary contractions of the thigh muscles vrithout move- 
ment of the joint should be encouraged from the first, while massage 
of the tliigh and calf muscles helps the circulation round the Imee and 
promotes absorption of the excess of fluid. Massage of the joint itself 
should never be employed ns it leads to local irritation and delaj-s the 
full restoration of circulation an<l function. When \ralldng is permitted 
the joint should be protected and supported by a firm bandage, the 
support again being limited to the region of the joint itself, and worn 
until the atrophied muscles are restored to normal. 

CHRONIC SYNOVITIS 

A condition of persistent or chronic synovitis commonly results from 
failure of treatment of acute synovitis, but may also be caused by irregu- 
larity of joint surfaces following a fracture, or by the recurring trauma 
of an internal derangement of the joint. In chronic synovitis the joint 
is not, as a rule, distended to its fullest capacity but on account of the 
gross waiting of the neighbouring muscles it may appear to be grvatiy 
enlarged in comparison with its fellow. Because of the continued atretch- 
ing of the capsule and ligaments, there is often considerable instability, 
while on opening the joint it is found that the synovial membrane is 
thickened and inflltrnted and may even show an unhealed tear in its 
substance caused by the origmal injury. 

DiFFEREjrruL Diagnosis 

Chronic synovitis la to be distinguished from • 

1. Villous Synovitis or Chronic Infective Synovitis, a condition 
which IS usually umlateral, but may on rare occasions he bilateral. In 
this condition tlic joint swelling is caused almost entirely by infiltration 
and cpderaatous thickening of the aynoriaJ lining rather than by the 
presence of an excessive amount of fluid in the cavity On palpation, 
soft, norlular, slightly movable masses can be felt in the supra-patcliar 
pouch, while the range of movement m the joint is diuunishcd by 25 to 
40 per cent, while at a later stage definite bone absorption can be demon- 
strated in the radiograph occurring at the lateral margins of the femoral 
condyles just behind the arficukr cartilage. 

2. Tuberculous Synovitis. The differentiation between simple 
chronic synovdtis and that due to tuberculous infection is often extremely 
dUDcuU. As a rule, the peculwr doughy thickening of the s;^ovial and 
perisynovial tissues, which are typical of tuberculous infection, can be 
recognized, while the radiograph of the joint structures shows a much 
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more severe and more extensive decalcification than is seen vrith any 
other tj-pe of joint infection. As in chronic sjTiovitis, pain is seldom 
present, although there may be more aching round the joint than is 
present vrith simple synovdal effusion. Occasionally the diagnosis can 
be made with confidence only by removal and microscopic examination 
of a portion of the affected synovial membrane. 

3. Syphilitic Effusion. A swelling of the joint which is always 
painless and, although in some cas^ present as a unilateral affection 
for weeks or even months, it eventually becomes bilateral. The diagnosis 
is helped by the recognition of other syphilitic stigmata, by the positive 
Wassemian and Kahn reactions, and by the reaction of the joint to 
anti-syphilitic treatment. 

The.vtment op Chros'ic Svxovins 

If either mal-alignment or internal derangement of the joint is present, 
this must he corrected. The weakened joint should be rested and the 
atrophied muscles improved in tone, and increased in bulk by massage. 
Exercbes— without weight-bearing— are essential in order to improve 
control and circulation round the joint, but, as in the case of acute 
8yno%-itia, massage of the joint itself should never be cmployetl, Occa- 
sionally aspiration of the fiuid, followed by’ firm bandage pressure, 
hastens the absorption, but unless the periarticular circulation Is improved 
by muscle development the fluid rapidly returns. 

fiMMAnmnosis 

Haemarthrosb of the knee-joint, occurring in a patient who is not 
the subject of hiemophilia, follows usually on a severe twist or blow, 
or as a complication of a fracture of the orticular surfaces of the femur, 
tibia or patella. On palpation the effusion is firm, the skin over the 
swelling is darker than normal, whilst the tlistension of the joint tissues 
b usually accompanieil by a considerable amount of discomfort or even 
of pain. 

TBEATJiErrr 

Best is e.ssential to prevent any further leaking of blood into the 
joint cavity, and to reduce the inflamiuatory' reaction which is already 
present. As absorption of blood from the joint is always a slow and 
incomplete process, aspiration, which should he as complete as possible, 
b advTsable at an early stage. After removal of the blood the joint 
should be firmly bandaged, and the routine of muscle development and 
massage instituted after 48 hours. Active, non-weigbt-bearing exercises 
are, encouraged after 3 days, unless such movements are contra-indicated 
by the presence of other injuries, such as fractures, requiring more 
prolonged immobilization. 
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DERANGEMENTS OF THE KNEE-JOINT 

The strength of any joint depends largely on two factors : 

]. The amount of interlocking of the articular surfaces. 

2. The strength of its muscle and ligamentous control. 

In the knee-joint there is no bony interlocking, and the strength of 
the joint depends entirely on the muscles and ligaments surrouncfing it 
on all sides, and on the two strong intra-articular ligaments which pa.ss 
obliquely through its centre between the femur and tibia, 

THE LATEIiAL LIGAMENTS 

The Internal Lateral Ligament is a complicated fan-shaped 
structure, consisting of two fairly distinct portions, a snperficial mass, 
extending from its narrow attachment at the internal femoral condyle 
to its mdespread insertion into the inner aide of the shaft of the tibia, 
about one inch below the articular surface. The deep fibres pursue a 
much shorter course, being attached to the femur at the same spot ns 
the superficial fibres, with their lower attachment, into the postero- 
internal Aspect of the head of the tibia above the insertion of the semi- 
merabrnnosua tendon On the deep aspect of the hgament some of 
these short fibres are attached to the subjacent margin of the internal 
semilunar cartilage. 

The External Lateral Ligament is a short rounded cord-like 
mass, which extends from the upper margin of the fibula to a rough 
area on the outer aspect of the external condyle of the femur, immediately 
above the groove in whicli lies the tendon of the pophteus muscle. The 
external lateral ligament is not m any way attached to Ihe e.xternal 
cartilage, being separated from it by the synovial covered tendon. 

Injuries of the Ligaments 

The tension of the lateral ligaments varies considerably with the 
position of the knee ; m full extension the ligaments are under their 
greatest normal strain, and m this position it is impossible to rotate the 
joint or to produce any lateral mobilitj The range of rotation, and of 
lateral deviation which is normally possible at the kmee, increases with 
the angle of flexion of the jomt, until, in a position of full flexion, a 
) considerable ranee of movement is possible without putting strain on 
the lateral ligaments. Because of these anatomical arrangements, in- 
juries to the lateral ligaments usually occur while the kmee is in full 
extension, and if these injuries have occurred while the knee is in flexion, 
the ligamentous tear is generally only part of an extensive and com- 
plicated injury. 
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The severity of the injury siuttained by the ligament varies A\-ith the 
amount of force applied ; the types of lesion can best be classified under 
the follo^ving heading : 

1. Partial tear or strain of the ligament. 

2. Strain of the ligament, associated with a lesion of a semilunar 

cartilage. 

3. Tear fracture of a ligament, a flake of bone being pidled by the 

imbroken ligament from the condyle of the femur, or less fre- 
quently from the surface of the tibia or fibula. 

•1. Complete rupture of a lateral ligament, which is often associatetl 
with injury to the crucial ligaments. 


Lesions of the Internal Lateral Ligament 


Strain or tear of any ligament occurs almost invariably at its attach- 
ment to bone, the common site of such an inj<iry of the internal lateral 


ligament being its femoral insertion, 
clinically by the presence of acute 
tenderness, and by referred pain 
on forced abduction of the leg, or 
when weight is borne on the 
limb. 

A simple strain of the bgament, 
in which only a few fibres are tom, 
does not produce any abnormal 
lateral movement of the joint, but 
complete rupture of the ligament — 
without any other lesion — causes 
such instabilitj' that the leg can 
be abducted by 20 degrees at the 
extended knee-joint. Tenderness 
on pressure over the middle of the 
internal lateral ligament occasion- 
ally follows a strain of the inner 
side of the knee-joint (Fig. 10). 
This localized tenderness is not a 
sign of rupture of the ligament 
itself, but indicates an injury to its 
deep fibres attached to the internal 
semilunar cartilage. AThen tender- 
ness is present only over this spot 
in the ligament an injury to the 
underlying semilunar cartilage 
should be suspected, although the 
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derangement should never be diagnosed without confirmation of other 
signs and symptoms. 

Treatment 

The treatment necessary for an injury to the internal lateral ligament 
naturally varies with the scwrity of tlie lesion. There are, however, 
certain principl&s which arc applicable to all tj-pes ; thus, strain of the 
injured ligament must be avwdefl until the tom fibres have become 
united. When only a few fibres have been torn the injured ligament 
should be protected from injury by resting the hmb on a splint with the 
knee in slight flexion. Gentle massage of the whole area should be 
employed from tlie beginning, with the object of improving the circula- 
tion and diminishing the swelling round the injured area. After 10 days, 
weight-bearing on the hmb can be permitted without strain of the 
injured ligament. The simplest and most effective method of protecting 
the internal lateral ligamfent from strain is by the use of the alteration 
to the shoe, as described by Thomas (Figs. 4 and 5) With this alteration 
the patient walks with the foot rotated inwards, thus saving the inner 
side of the knee-joint from strain, while at the same time the ligament is 
strengthened by the resumption of function. The altered shoe is retained 
until the tenderness has disappeared, and until tlie muscles round the 
joint have been restored to their normal power and the full range of 
movement has been regalnetl. 

Wlieu the ligament lias been more severely injured the period of 
fixation ivitbout weight-bearing must be 
lengthened. The some routine is carried 
out as for a strain ; the joint is fixed on a 
splint with the knee at 10 degrees flexion, 
massage and voluntary exercises are en- 
couraged in order to remove the inflam- 
matory swelling. Weight-bearing should 
not be [iermitt«l for at least 4 weeks and, 
after the resumption of walking, the injureil 
ligament must be protectetl for a further 
6 weeks. 

The prognosis as reganls recovery de- 
pends largely on the time at which treat- 
ment has been started , witb early and 
efficient treatment healing of the nipture 
js to be expected, but inadequate and in- 
efficient treatment is always followed by 
great disability, and by persistent laxity 
of the inner side of tbe joint. ^ITien treat- 
Fjo. 17.— Knee Cage. tnent has been inefficient and tbe joint is 
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unstfiTjle, considerable support can be obtained by the’tise of the knee 
cage (Fig. 17), wbicb allo\ra free flexion and extension, but prevents the 
abnormal lateral movements. Tim use of the cage has, however, the 
dis.sdvantage that it prevents the development' of the muscles of the 
thigh, especially the vastus intemus, which normally supports the inner 
side of the joint. If the cage is not used these muscles can be developed 
by massage and exercises until they ore at least as powerful as before 
the accident, thereby diminisbing the disability and increasing the 
patient’s confidence in the limb. 

Operative Treatment of Persistent Laxity of the Internal 
Lateral Ligament. When the patient is young, and especially when 
the laxity of the joint prevents him carrying out his normal occupation, 
it is advisable to attempt by opcmtion to replace the injured ligament. 
This can best be done by using the lower portion of the semitendinosiis 
tendon as an accessor}’ ligament. M’ilh the knee at an angle of 30 degrees 
flexion the internal lateral ligament is defined through a vertical incision 
over the inner aspect of the joint. The tendon of the semitendinosus 
is now freed from its position behind the internal condyle of the femur, 
and pulled forward until it lies along the length of the internal lateral 
ligament, nhich is split longitudinally. At the attachment of the liga- 
ment to the femur and tibia deep vertical grooves are cut in the bones; 
into each of these is placed the semitendinosus, which thus lies in the 
bony grooves and in the substance of the injured ligament. The tendon 
is now attached by suture through it and the bony grooves, and the 
divided ligament is then sewn over the implanted tendon. The knee is 
retaine<l at the same angle of 30 degrees flexion for a period of 3 weeks, 
and full movement and muscle control are restored to the joint by a 
course of non-weight-beariag exercises and massage, extending over a 
further period of one month. 

Lesions of the External Lateral Ligament 

Because of the normal obliquity of the femur and of the greater 
prominence of the internal femoral condyle, injuries of the external lateral 
ligament are comparatively rare as compared with those of the inner 
ligament. The usual method of injury of the external lateral ligament 
is by a forced adduction of the leg on the thigh while the knee is m full 
extension. As the external lateral ligament is not attached m any 
way to the external cartilage, injuries of the underlying cartilage are not 
usually associated with ruptures of the ligament. The site of injury to 
the ligament is almost invariably its lower end at it.s attachment to the 
head of the fibula, and lateral instability following complete and persistent 
rupture Is not so great as that associated with a similar injur}’ of the 
internal lateral ligament. 
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'fttCATMENT 

Treatment of the recent les-ion h identka! with mat, vnujiu^j vu for a 
similar injury of the inner side of the Joint. Recumbency, protection 
from strain, development of muscle control by e-tercises nnd massage 
rapidly improve the condition. Simple strain of the ligament causes 
little dlsabjlity, and, because of the normal ftlignment of the limb, even 
a persisting laxity of the ligament leads to comparatively little per- 
manent disability. 

Reconstruction operations, such as that used for the internal lateral 
ligament, are unnecessary, as the strong ilio-tibial band and biceps 
muscle can to a large extent replace the action of the tom ligament. 

CRUCIAL LIGAMENTS 

Of at least equal importance wth the lateral ligaments of the knee 
ate the hvo strong crucial ligaments, which extend througli the joint 
in the mtercondylar space between the upper surface of tiie tibia and 
tlio femur. TJiese in tra -Articular ligaments are covered by a hniug of 
synovial membrane, and cross each other almost at nght angles in the 
intercondylar apace. By their presence, antero-postenor gliding move- 
ments of the femur on the tibia are prevented at any angle m which 
tlie Joint may be placed. 

The auteiior crucial hgament is attached to the upper surface of the 
tibia at the side of the tibia! spine and to the intercondylar surface 
of the external condyle near its posterior edge. The posterior crucial 
ligament is attached to the surface of the tibia behind the spine, and 
superiorly to the intercondylar surface of the internal condyle of the 
femur near its anterior mai^in. The most important function of the 
anterior crucial ligament is the prevention of hypere.xtension of the joint 
Whan the knee la fully extended the ligament becomes taut, and hyper- 
extension can occur only if the postenor capsule and tlie anterior crucial 
ligaments arc torn. The ligament also prevents the sliding forward of the 
tibia on the femur and acts, to some extent, as a support for the internal 
lateral ligament. If this ligament has been torn, continuation of the 
same force of abduction of the leg results in rupture of the anterior 
crucial hgament. 

The posterior crucial ligament prewnts hj-perflexion of the joint and, 
at the same time, counters any tendency of the tibia to slide baclavard 
oa the hirer end el the femar. 

Injuries to the anterior cnidol hgament, which usually result from 
liyperextension of tlie joint, occur far mote frequently than those of tlie 
posterior, the latter usually occairing in motor-car or train accidents 
when force is applied to the front of tbe tibia while the knee is m right- 
angled flexion. 
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Examination. Laxity of the crucial ligaments can usually be 
demonstrated by the patient ; when he stands on the limb it is possible 
for him, by muscular contraction of the thigh muscles, to push the tibia 
either baclnrards or forwards on the lower end of the femur. This 
abnormal mobility cau also be demonstrated by the surgeon grasping 
the head of the tibia, with the knee bent to right angles, when it is 
possible to produce the same abnormal movements, 

Theatment 

Fortunately mth most injuries to the crucial ligaments the tear is 
not complete, and some of its fibres remain as a scaffolding for a new 
hgament. In every recent injury to one of the crucial ligaments, treat- 
ment should be baaed on the assumption that the rupture is incomplete, 
and part of the ligament still remains unbroken. 

When the injury is diagnosed the affected knee should be fixed for 
3-4 months at an angle of 40 degrees flexion in a long plaster case. 
Although this perio<l may seem to be longer than necessar)', on apparent 
recovery of stability in the joint is often foUowwl by a relapse if a shorter 
period has been employed. In spite of the rupture being apparently 
complete the result of treatment is usually good, stability is excellent 
and muscle control and movements are restored by massage and exercises. 
The vital importance of persisting nith conser\’ative measures can be 
appreciated from an examination of the unsatisfactory results which 
usually follow operative treatment, which should only be considered 
after everj* effort has been made to restore function by non-operative 
procedures. 

Treatment of Untreated Tears of the Crucial Ligaments. The 
stability of the joint depends on the two factors of muscle control and 
ligamentous strength ; if the latter has been lost every effort must be 
made to replace it by an increase of the power of the supporting muscles. 
If, in addition to an imtreated tear of a crucial ligament, there is at the 
same time poorly developed muscle support, the toee-joint is extremely 
unstable, and no reliance can be plac^ on the limb in walking. At 
each step the tibia slides forwards or backwards on the femur, and 
walking without the help of sticks or crutches b almost impossible. 
The conttol of such a joint can be greatly improved, by increasing the 
development of the muscles of the thigh by a course of exercises and 
massage. If these muscles can be brought back to their normal size 
and tone, then the jjatient’.s control over the joint is so much improved 
that he can carry on in most forms of ivork without any external support. 

MTiere it is impassible to restore the muscles to this state of efficiency 
the stability of the joint can be impro\’ed by the use of the knee cage 
(Fig. 17) which prevents the antero-posterior gliding of the tibia. By 
the use of this apparatus the patient is often enabled to carry on his 
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work indefinitely, but if the j<^t is already diwrga/ii^efl witlj o. 9 teo- 
arthritic changes, arthrodesis of the knee is the only means of stabih'zing 
the limb and relieving the pain. 

Operation for Torn Crucial Ligaments. Many operative pro- 
cediires have been enthusiastically proposed and tried, hut none has 
proved to be sati-sfactoiy. Tlie operations have varied from the suture 
of the torn crucial ligaments by catgut, silk, or silver wire, to the method 
of Hey Groves, in which the tom ligament is replaced by a portion of 
fascia lata. The latter is undoubtedly the best of all the operations, and 
is carried out by boring through the tibia and the condyle of the femur, 
the inner opening of these bony tunnels being at the normal point of 
attachment of the torn crucial ligament. Through these long channels is 
then threaded a twisted cord-like mass of fascia lata, which is still attached 
at its lower end. Unfortunately, although the result is good for <a time 
follosving the operation, the stability of the joint is gradually lost through 
stretching of the implanted fascia. 

INJUniES OF THE SEMILUNAR CARTILAGES 

Injuries to the semilunar cartilages are caused through rotation strains 
on the knee-joint while it is in a position of flenon. In full extension, 
rotation of the tihia on the femur is not possible unless one of the lateral 
ligaments has first been torn. Even the most severe lateral strain of 
the knee-joint in full ezteiuion produces simply a tear of the corresponding 
lateral ligament without causing any injur)' to tlie underlying cartilage. 
If, while the knee is in a position of flexion, the femur is suddenly 
rotated inwards or outwards on the tibia, the grinding between the 
bones is sufficient to teat off the attadiment of the inner or outer 
cartilage to the tibia, or more commonly, to cause a rupture in the sub 
stance of the cartilage itself ThivS rupture may be a longitudinal split, 
without detachment at either end, tbc so-called “ Bucket Handle " tear, 
or the line of cleavage may extend through the inner border of the 
cartilage, producing the tongue or hinged flap type of injury. The 
position of the tear depends on the position at winch the strain is applied, 
which m turn is governed by the angle of flexion of the joint at the time of 
injury. Thus, as a rule, the greater the flexion of the joint at the time 
of injury the more posterior wiH be the of the cartilage. 

Lesions of the Internal Semilunar Oirtlfage 
The internal semilunar cartilage is injured more frequently than the 
external. In my own series the proportion has been roughly 5 to 1. 
In seeking for an explanation of this greater liability to injury of the inner 
cartilage, the prominence of the inner side of the knee and the difference 
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between the anatomical arrangements of the inner and outer side of the 
joint being sufficiently reasonable explanations of the preponderance of 
injuries to the internal cartilage. 

The usual history given by the patient who has sufiered such an 
injury is, that wliile the foot was fixed and the knee bent the femur 
was suddenly rotated inwards. Tliis was followed by an acute pain 
on the inner aspect of the joint and an inability to extend tlie knee 
fully, lifter flexing the joint several times something was felt to slip 
on the inner side and the knee could then be straightened. The following 
day the joint was aw’ollen and tender, and remained in this condition for 
5 or 6 days. Usually following treatment by rest and massage of the 
thigh the swelling gradually disappeared, and the knee became apparently 
normal. As a rule, on subsequent occasions, a similar rotation of the 
joint was followed by a similar disability and swelling, which was usually 
less severe than on the first occasion. 

SVMPTOXIS AND SlONS 

The classical symptoms and signs of a lesion of the internal semi- 
lunar cartilage are best classified under (he following headings : 

1. Fain on the inner side of the joint over the line of the affected 

cartilage. 

2. Tenderness on pressure over the cartil.age, and over the middle 

of the internal lateral ligament. 

3. A history of sudden “ locking ” of the joint, during which the 

knee cannot be fully extended. 

4. Sudden “unlocking” after each “locking,” followed at first by 

syno\’itis, but hater without this sign. 

6. Normal radiographic appearance of the joint. 

With this classical syndrome there is little doubt as to the diagnosis 
of an injury to the internal Bemilunar cartilage, and with repeated 
attacks removal of tlie injurcil cartilage alone should be considered. 

There are, however, many lesions of the cartilage which are not 
accompanied by this classical wndrome of .signs and symptoms {Fig. 18). 
Thus, when the injury is present in the middle or posterior portion of the 
cartilage the typical “ locking ” is a mechanical impossibility. This type 
of injury causes symptoms which are not so definite, and are apparently 
not so closely related to the lesion in the cartilage. Tims when the tear 
occurs in the posterior section of the cartilage there is, ns n rule, no 
historj’ of “ locking,” the patient states that the knee suddenly feels 
weak and almost gives way, and that on each occasion pain is experienced 
somewhere in the centre of the joint, but there is no localizing tenderness, 
and tliere may be no accompanying sjuiordtis. 
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Examixatiox of the Joint 

JIucb can be learned from a carefully taken history of the injury. 
It is not aln-ays pos-sible for the patient to remember the exact angle 
at which liis knee wa** placed when the strain on the joint occurred, 
but it is usually possible to decide more or le.sa accurately on its approxi- 
mate position. The occurrence of pain and its exact site are of con- 
siderable importance, while the greatest care must be exercised to diagnose 
the presence and to localire any area of tenderness. The stability of the 
lateral and crucial ligaments must he tested, and the full range of painles.s 
movement carefully measured. If a limitation of movement is present 
the cause of the obstruction should lie considered. The whole surface 
of the joint should be palp.atcd whilst the patient bends and straightens 
it through its fullest pos.sible range. During this examin-ition it is often 
possible to discover the slipping of a tendon os'er an abnormal bony 
prominence, a movement which can produce pain and disability like 
those of a slipping cartilage. 

Radiographic examination of the joint m at least two planes at 
right angles to each other is of the greatest help in demonstrating that 
the bony structure of the joint is normal, or that some abnormality is 
present sufficient to cause the chain of s)Tiiptoms pf which the patient 
complains. 

If in spite of the most careful routine examination the diagnosis is 
still in doubt, various accessory methods can be employed, of which 
the following has proved itself to be the most reliable. 

This method of exaniination by manipulation is of particular value 
in those injuries to the cartilage where the lesion involves the meniscus 
at, or behind, the middle of the joint. Lesions of the cartilage in this 
region do not give rise to the ckissical syndrome of “ locking ” and 
“unlocking” because any re<liiplication of the broken portion of the 
cartilage produces a block to flexion rather than to extension of the joint. 
AYhen the test is correctly applied, not only can the presence of a lesion 
be determined but its exact site can be inappetl out with comparative 
certainty. 

In making the examination the patient must he reciunbent and 
relaxed ; the surgeon standing on the side of the injured limb grasps the 
foot firmly, while the knee is bent to its fuifest possible range, until the 
heel approache.s or touches the buttock. The foot is now rotated 
externally, and the leg abdneted at the knee. Holding the leg and foot 
at this angle, the knee is slow!)' extended. M’ith the alteration of the 
angle of the joint any loose portion of the mtemal cartilage is caught 
between the articular surfaces of the femur and tibia, and the sliding of 
the femur over the abnormal portion of the cartilage is accompanied 
by an appreciable click and pain, which the patient states is the same 
a.s he ha.s already experienced when the knee gave way. Tlie examina- 
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tion should he completed by a similar extension of the knee from full 
flexion, while the foot is rotated inwards and the leg adducted. If no 
click can he producetl by these movements properly conducted it may 
be safely considered that the intmnal cartilage is normal posteriorly. 
If a click is produced it is possible to determine, from its severity and 
the angle of the joint at the time of its occurrence, the size of tlie broken 
portion of the cartilage, and its site in the cartilage substance. 

Occasionally when the patient is particularly nervous the examina- 
tion cannot be properly completed without the help of general antestliesia. 

Differential Diagnosis 

If the examination of the knee-joint lias been conducted carefully, 
and the points already described have been noted, there is httle danger 
of a mistake in diagnosis. Occasionally some difficulty is encountered 
in differentiating the following conditions. 

1. Adhesions. Following a twist or blow on the front of the joint 
a localized tear of the capsule, or of the extrasynovial tissues is produced. 
The injury is followed invariably by hiemorrhagic effusion which becomes 
organized to form fibrous tissue. This may eventually be absorbed, but 
may remain as an adherent mass which causes pam when pulled on by 
rotation of the joint. W'lien this inelastic tissue is stretched by movement 
of the joint acute pain is coropkiined of roughly at the level of the cartilage, 
and the patient may state that the knee became “ locked " In many 
instances such a condition of “ pseudo-Iockmg ” has led to the mistaken 
diagnosis of injury to the underlying cartilage. The mistake would not 
be made if it were remembered that “locking” caused by a cartilage 
lesion 13 followed by an equally definite “ unlocking,” while with 
adhesions the tenderness of the stram gradually dunmishes until full 
movement is restored. Similarly, such cxtra-articular strains are never 
followed by the development of synovitis. 

2. Enlarged Post-patellar Pad. Osteoartbritic changes in the 
knee, even in the early stage, are usually associated with enlargement 
of the post-patellar pad ; nipping of any portion of this enlarged pad 
causes a sudden pain belund the patella and its ligament, accompanied 
by tenderness on both sides of the ligamentum patelhc. As with strain 
of adhesions, nipping of the post-patellar pad causes only a “ psoudo- 
lockmg,” followed by slow recovery in a hiee which, on radiographic 
examination, shows osteoarthritic changes. 

3. Loose Bodies. Tliese moving freely in the joint may cause 
symptoms and signs very similar to those of a cartilage lesion ; there 
is the same acute pain and feeling of locking of the joint when the body 
is caught between the articnlar surfaces of the femur and the tibia, or 
occasionally between the femur and the patella, and this may be repe.ited 
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frequently. The points on n-hich reliance can be placed for difTer- 
cntiating the two conditions are the variation of the site of obstruction 
as the loose body alters its position in the joint, and the fact that 
occasionally the loose body can be palpated iii the joint while the radio- 
graph indicates its pic!«ence if the body contains bony tissue. 

4. Fractures of the Articular Surfaces. Fraeturc.s of any portion 
of tlic articular surfaces, more couimonly of the tibia in the region of 
the spine, may follow a severe rotation strain of the joint. The knee 




Fio. 19. — Frartared Tibial Spine 


becomes swollen, tender and full, extension cannot be obtained actively 
or passively, and the diagnosis of an internal derangement may be 
reached, but the condition can be readily distinguished by the radio- 
graphic appearances (Fig. 19). 

5. Osteochondritis Dissecans. Osteocliondritis dissecans may be 
present on the articular surfaces of the femur, tibia or patella, each of 
which may give rise to clinical signs, which are not sufficiently definite 
to enable a clinical diagnosis to be made without radiographic confirma- 
tion. In many instances there is conaderable difficulty in distinguishing 
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the condition from the other types of internal derangement. Wlien 
osteochondritis is present in the most typical area on the inner side of 
the articular surface of the internal condyle of the femur, the patient 
usually complains of insecurity and of pain m the joint when walking. 
Exercise is followed by synovial Bwellmg, and when the mass becomes 
partially or completely detached the patient may complain of a sensation 
of locking. 

These symptoms may su^st tlie presence of an injured or broken 
cartilage, but the true diagn<»is can usually be demonstrated by radio- 
graphic examination. 

6. Rupture of the Anterior Crucial Ligament. If the anterior 
crucial ligament is tom and lies curled up on the upper surface of the 
tibia, nipping of the ligamentous mass between the femur and the tibia 
may give ri.se to a complaint of locking, which is very similar to that 
given by a patient suffeiing from a torn internal semilunar cartilage. 

Iilistakes in the diagnosis of this condition have been comparatively 
common, but can only arise when the muscular control round the knee 
is adequate and antero-postcrior laxity of the tibia on the femur has 
been hidden by the good muscular development. 

The mistake is easily prevented by the clinical examination when the 
ligament is tested by pulling the tibia fonvortl on the femur while the 
Icnco IS held at right angles. 


. Tbeatmcnt 

The treatment of an injury to a semilunar cartilage must be based 
on a knowledge of its minute structure and the reaction m its substance 
which follows on itqury. In the substance of the cartilage there are 
no blood vessels, and if the body of the cartilage is tom there is no 
tendency towards the ordinary type of healing by fibrou-s tissue The 
cartilage cells on the edge of the te.ir proliferate, but this process never 
proceeds sufficiently-to-bridge-thc gap. On the outer margin of the 
cartilage, where it hes id contact with the capsule, there is a plentiful 
supply of blood vessels, and tears and detachments m this area can 
heal hke any other torn tissue by the formation of a hiematoma which 
is subsequently organized into fibrous tissue. 

After the first injury to the cartilage it la advisable to rest the joint 
in the hope that the lesion has occurr^ in the outer vascular area, in 
which healing can occur if the period of fixation be sufficiently long. 
The limb should be kept at rest on a straight splint for at least 4 weeks, 
the k-nee during all this time being maintained in slight flexion. Wasting 
of the muscles of the thigh and leg, which would appear rapidly, can 
be prevented by voluntary contractions of the muscles inthout move- 
ment of the joint. The spimt should be retained until all tenderness 
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and Bwellmg have disappeared from the joint, tlie normal movements 
and strength of the limb being restored rapidlv by muscle drill and 
massage. 

^Uter repeated recurrence of the displacement, fi.xation and rest can 
be of little help, e.xcept in so far as they promote a dispersal of the 
effusion. Fixation for any lengtli of time, in such circumstances, is 
followed by recurrence of the disability, and removal of the injured 
cartilage should be undertaken. 

Operation. The operation 
should alwa}'3 be conducted with 
the help of an efficiently applied 
touroiquet which is applied high on 
the thigh after draining the blood 
from the limb for 3 5 minutes The 
simplest and most efficient method of 
removing the cartilage for the 
surgeon to sit opposite the end of the 
operating table, over which the leg 
hangs free, ubilc the thigh is sup- 
ported on a sandbag. The seat on 
which the surgeon sits should be 
arranged at such a height that he can 
see clearly to the back of the joint 
when it is opened. An obliijiie in- 
cision, inches in length, is made 
over the antero-internal aspect of the 
knee, starting below the inner border 
of the patella, and ending in front of 
the internal lateral ligament (Fig. 

20), the skin, capsule and synovial 
membrane being divided in the same 
line. When the joint has been 
opened, smooth, flat, retractors alone are employed, and no tissue 
which is to be left in the joint should be clamped or handled by com- 
pression forceps. 

If the cartilage tear is situated posteriorly the joint may appear 
normal, but if the condition has been correctly diagnosed before operation 
the surgeon can, with confidence, proceed to remove the whole meniscus. 
A blunt hook is placed below the cartilage, and its anterior attachment 
is divided close to the tibia ; continuing the separation backvvard, the 
cartilage is freed completely from the anterior portion of the capsule 
and from its attacliment to the internal lateral ligament. If this separa- 
tion has occurred at the correct line no difficulty is experience in 
p ullin g the whole body of the cartilage into the mtercondylar space, 



Fig. 20.— Incisions for Operation on 
Internal and External Cartilages. 
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as its attachmtnt posteriorly to tlie capsule consists only of a small 
amount of loose areolar tissue. Tlie knee is tlien flexed further and 
tension is applied to the displaced cartilage to pul] fonrard its posterior 
attachment, which is cut through vertically by a tenotomy knife Iiehl 
in the intercondyloid fossa. "WTieii the whole of the injured cartilage 
has been removed, the synovial membrane, the capsule and the sldn 
incision are sewn separately, and over the dressing is applied a large 
quantity of sterile wool which ia firmly bandaged over the whole joint. 
This post-operation compression la the most effective method of prevent- 
ing reactionary awelhng or haimarthjtfflis, which might compheate the 
operation and prevent full recover^'. Following the operation the hrab 
should bo retained at rest on a splint for 10 days, during which the 
patient remains in bed, and after removal of the stitches a shorter splint 
should be applied for another week when walking is resumed. 

During the period of rest in bed, and after the resumption of activity, 
the patient must be encouraged to exercise the muscles of his tliigh, 
especially the quadriceps, which would otherwise waste as a result of 
the inactivity. Following removal of the splint a bandage should be 
applied round the joint until full recovery of power has been secured 
by voluntary exercises and massage. This apparently protracted fixation 
of the joint does not tend to produce stifibess, but permits sound healing 
and consolidation of the scar in the capsule. Athletic games can usually 
be resumed in G weeks, and no subsequent disability is to be expecteil 
if the whole of the affected cartilage bos been removed. 

Removal of the Posterior End ol the Internal Cartilage. If 
the whole of the injured cartilage has not been removed the patient 
often complains of a feeling of instabihty m the joint. “ Locking ” 
does not laimlly occur, but athletic games cannot be enjoyed because 
of the feeling of insecurity. As a rule, the patient states that when 
running or twisting on the joint there is a momentary feeling of use- 
lessness in the limb, accompanied by a sudden pam in the region of the 
knee. He cannot localize the site of the pain, and there is at most 
very slight tenderness in the posterior aspect of the joint at the cartilage 
level. On manipulation it is usually possible to demonstrate that a 
portion of cartilage is still present posteriorly, and the patient state.? 
that the feehng produced on manii>ukition is the same as that experienced 
on exercise. 

Under these circumstances removal of the remaiuing portion of 
cartilage is necessary. The remoiwl is cawly caapleted through a 
vertical incision between the internal lateral hganient and the inner 
hamstring muscles mth the knee at right angles (Fig. 21). In this 
position the hamstrmg muscles lie posteriorly, and the incision can be 
carried straight down through the cajeule and synovial membrane. Tlie 
remaining portion of cartilage is fireed anteriorly from the internal 
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lateral ligament and, after scpaiation from tlie capsule, its posterior 
attachment to the head of the tibia is dmdetl by a tenotomy knife. 

After-treatment is identical \rith that employ^ after removal of the 
whole cartilage. 

Manipulative Treatment for Cartilage Injuries. Manipulation 
has been employed from time inunemorial ns a method of treatment 
for lesions of the semilunar cartilages. Instances of so-called cure by 
tills metliod are quoted, but a detailed study of the history given by 
the patients so treated indicates that the injury of the joint was probably 
not a tme lesion of the cartilage. If adhesions are present in the joint 
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area, following a strain or bruise of the synovial or perisjTio\'ial tissue, 
any rotary movement of the knee is followed by an acute pain referretl 
to the injured area. Because of this the patient cannot straighten the 
joint, and a mistaken diagnosis of cartilage lesion is often made. If 
manipulation is employed for the treatment of adhesions cure is to be 
expected, but when this method Ls used for the treatment of a true 
cartilage tear the result is always unsatisfactory. 

Manipulation. Under full anarsthesia the knee is iient to its full 
range and slowly straightened, each few degrees of straightening being 
accompanied by rotation of the 1^, internally and externally, to its 
full extent. After the manipulation some tenderness may remain if 
firm adhesions liave been torn, but fuU painless function is usually 
regained in a few hours following free use of the joint. 
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EXTERliAL SEMILUNAR CARTILAGE 

Although occurring less frequently than with the internal, injuries of 
the external cartilage are more common than is generally recognized. 
The tj’pcs of injury found in the external cartilage are almost identical 
with those of the internal and m addition severe disability is caused by 
the occasional presence of a congenital abnormality in the structure of 
the external cartilage, a condition which has been seen on only one 
occasion in connection with the internal cartilage. 

Diuing the early part of foetal life the cartilages are represented by 
a complete plate of mcaodermic tissue, lying betw'een the femur and 
tibia. The plate becomes divided into tw'o parts by the growth forward 
of the crucial ligaments. Gradually absorption of the centre of each 



cartilage occurs, leaving the typical quartec-moon shape. Occasional])’, 
in the external cartilage, this absorption does not occur, or docs not 
progress to its full c^ent, so that the cartilage is left as a complete 
disc, separating the femur from the tibia (Fig. 23), the abnormal mass 
causing pain and weakness in the joint, whose movements are accom- 
panied by a peculiar loud noise. A joint in which such a congenitally 
abnormal cartilage is present can easily be recognized by the occurence 
m a child of this loud noise on movement, and by a distinct feeling of 
slipping or gliding on the outer side of the joint. 

Tears of a discoid cartilage occur frequently. The line of injury in 
the meniscus runs from the firm inner bonier into the substance of the 
cartilage, and the increaswl disability which follows the tear usually 
forces the patient to h.ave the abnormal cartilage renioved. 

The usual cause of failure to lecc^ize injuries of the external cartilage 
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is to be found iu the fact that a rupture or displacement of this cartilage 
produces a much less definite cliain of symptoms than in the case of a 
similar injury to the internal cartilage. Thiw. locking is common with 
lesions of the internal cartilage and rate vrith those of the external. 
Pain and tenderness are not so constant as in the case of lesions of the 
internal cartilage, and subsequent displacements are not, as a rule, 
followed by sj-novitis of the joint. 

The usual story is that the knee gives way suddenly \vith a feeling 
of weakness or slipping on the outer eide, followed by slight tenderness 
on pressure over the posterior part of the cartilage or external lateral 
ligament. Accoinpaujnng this there is often a loud “ chek ” or “ clunk,” 
which can Vie felt and heard, occurring most tj-pically in the last few 
degrees of active full c.xtension of the joint, but not being recognizable 
when this movement is carrie<] out passively. Additional evidence as 
to the presence of the lesion can usually be elicited by the method of 
manipulation of tVie joint described in tVie case of lesion-s of the mtemal 
cartilage, ivith the difference that on e.Tamination the foot is rotated 
inwards, while the leg is adducted at the knee during the examination. 


Tbeatjiext 

When the diagnosis of displaced, or torn, or congenitally niaUformcd 
external semilunar cartilage has been made, conservatis’e treatment is 
of little help, and removal of the ofTcnding cartilage should bo carried 
out. The .operation is performed in a similar manner and with the 
same precautions as for an internal cartilage, always remembering that 
the whole of the affcclocl cartilage should be removed. The disability 
which is caused by leaving a portion of the e.xternal cartilage m the joint 
is very similar to that found in connection until the inner cartilage. 
There is the same feeling of weakne-ss and instability, the tenderness, 
when present, being behind the external lateral hgament. The presence 
of the fragment can be confirmed by manipulation of the joint, and 
relief can be obtained only by removal of the retained segment. 

Removal of Posterior End of External Cartilage. The operation 
for removal of the posterior end of the external cartilage is not so simple 
as that on the inner side of the joint ; uith the knee flexed to slightly 
more tlian right angles a vertical incision. 3 inches in length, is made 
behind the external lateral ligament, and in front of the biceps tendon 
which has fallen backwards. At the bottom of this wound the capsule 
is opened, and lying directly undernrath is seen the tendon of the 
popliteus muscle. This smooth, shining, synorial covered mass lies 
parallel ivith the upper surface of the tibia and, on many occasions, 
the tendon has been removed in mistake for the cartilage, which lies 
at a deeper level. The tendon should lie retracted downward, when it 
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is comparatively simple to recognize and remove the posterior portion 
of tJie external cartilage from its tibial attachment. 

The after-treatment is carried out exactly as for the other cartUaf’o 
operations, and no special precautions are necessary. 

DJsablUtles after Removal of the Semilunar Cartilages 

1. Misl/ike in Diagnosii. 

2. Renioxal of the uninjured cartilage. 

3. Wealvess of the Knee-joint, due to wasting of the thigh muscles, 
and usually the result of fa^ty after-treatment, 

4. Iteciirrent S^iovtlis, which is usually caused by an unnecessarily 
extensive incision into the ajmovial membrane, or occasionally trauma 
to the post-patellar pad at the time of operation. 

5 Reappearance of Sijiuptoins onginafing m the removal of only a 
portion of the affected cartilage, the nm or posterior horn which was 
left causing slipping and apparent locking, and requiring subsequent 
Kmeva]. 

C. Anhjlosia following infection, the greatest nv6ulable tragedy in 
the surgery of the knee-jomt. 

CYSTS OF TUB SEmiVKAR CARTILAGE 

Cj'stic foTinatintis are occasionally found in assocmfiou with the 
seniilanar cartilages, more frequently 
with the external than with the internal. 
Wien present, they are seen as rounded, 
tender swellings, varjong m size from a 
bean to an orange, and occasionally of 
almost bony hardness, situated, as a 
rule, close to the external or internal 
lateral ligaments. The tumoiir can 
usually he seen when the knee is bent, 
but becomes mote prominent and much 
more tense when the joint is fully ex- 
tended (Fig. 23), 

The nature of these cysts has long 
been a subject of debate, and there are 
two main theories m regard to their 
ori^n • 

1. That they are congenital in origin 
with a bring wall consisting of flattened 
endothelial cells. 



Fjo 23 — Ci8t of the ritemal 
Somilunnr Cartilage. 
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2. That tliey arc the result of myxomatous degeneration of cartilage 
cells, the lining wall being composed of flattened cartilage cells which 
take the appearance of endothelium. 

Most surgeons take the latter view of their origin, as definite new 
blood vessels can be demonstratwl in the region of the cyst formation 
and, as blood vessels arc normally absent from cartilage tissue, if is 
probable that the cysts arise in an injurwl area in which the cartilage 
cells undergo degenerative changes. 

The patient usually complains of chronic, aching pain, which he 
describes as toothache. This is made considetablj' worse by weight- 
bearmg, but never completely disappears, even with rest, while s)Tnptom3 
of true internal derangement, such as locking and unlocking of the 
joint, are never present imless the cartilage itself has also been broken. 
Tliese cysts arc always multiple in structure and prolongations can be 
foimd extending into the sulistanc© of the affected cartilage. 

DfPFERE.s"rLU. Diaoxosi? 

Cysts of the semilunar cartilage must be dbtingiiLshed from cysts 
arising from the sjmovial membrane of the joint. These are not, as a 
rule, 80 tense as the cyst arising from the cartilage ; they do not cause 
the chronic, aching pain which is characteristic of the former and they do 
not alter in size or tension nith changes in tlie position of the joint. 

Trbatsiext 

Local removal or aspiration of the cyst, although causing a reduction 
in size of the tumour, is always followecl by recurrence, and the only 
satisfactory treatment consists in removal of the whole of the affected 
cartilage. 


LOOSE BODIES IN THE KNEE-JOINT 

Loose bodies occur more freqnently m the knee than in any other 
joint. Tlieir structure varies very greatly, but the symptoms to which 
they give rbe differ very slightly with the different type.s of loose 
bodies. 

Structure of the Bodies usually found 

1. Fihrinmts — soft, structureless masses composed of fibrinous material 
and found after hiemarthrosis or infective syno^ntis. 

2. Fibrmis — which originate in one of the Wlli of the synovial mem- 
brane, forming a mass at first pedunculated and later free. 

3. Cartilaginous — formed by separation of part of a meniscus, or of 
a portion of articular cartilage. 
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4. Orifo-mrt;fc5mi)u.-originatmg in the detachment of a noition of 
“i';' nOMisting of » cortex of cnttilaga and dbrom 
tissue with a centre of bony material. 

artlfritis"^'”*"""^^”'""' “’“Mt™ "ifli tnhereiiloin 



The majority of loose bodies belong to the cartilaginous or osteo- 
cartilaginous groups, and in the latter is found the most typical example 
of the classical loose body m the condition known as osteochondritis 
dissecans (Fig. 21). Here, the boily may be loose in tlie joint, or may 
be adherent by a liinge to the area from which it is being detached 
The condition may be found in any part of the articular surfaces of 
the femur, tibia or patella, although most commonly seen on the articular 
surface of the internal condyle of the femur, usually towards the inter- 
condyloid notch ; the looseneil 4rea of cartilage is more or less circular 
and vanes in size from ^ to | of an inch in diameter. A portion of the 
lI^de^lJ^ng condyle is adlicrcnt to the loose cartilage, and with it forms 
the loose body, the bony tissue being usually much smaller than the 
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cartilaginous portion. It has been suggested that this wedge-shaped 
mass of Ixine and cartilage becomra detached because of the closure of an 
end artery cutting off the local blood supply, but this explanation cannot 
be supported, as end arteries are not present in this area and it is more 
probable that the detachment rollon's a faxunatoma, caused by injury, 
which acts in the same way. 

Sysjptoms axi» Sioxs 

A loose body, or even a number of loose bodies, ma}' be pre.sent in 
the knee-joint for many years svitbout giving rise to any distomfort or 



disability. Frequently tbe first sign of trouble is a sudden locking of 
the joint, due to nipping of a loose body between the femur and tibia, 
or between the femur and patella. With a certain amount of wriggling 
the patient can usually get the body out of the way and the joint seems 
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normal, although somewhat sore. This first attack is almost invariably 
followed hy syuoWtis, bat subsequent lockings produce less swelling. 
Occa-sionally the surgeon or the patient may be able to localize and fee! 
the loose body at one of the more accessible areas of the joint. Usually, 
sooner or later, the locking is repeated and, in the typical instance, the 
site of locldng is now in Home other {wrtion of the joint. 

An X-ray photograph may show the presence of several loose bodies 
as definite bony masses, or, in the case of a hard, fibrous or cartilagmous 
body, may suggest the presence of such an abnormality, particularly 
when the. photograph ban been taken noth specially “soft” X-rays 
(Fig. 25). Occasionally a loose body, which has given rise to discomfort 
and frequent lockings, may apparently disappear and cause no further 
trouble. Such a cessation of symptoms usually follows the attachment 
of the body to the capsule of the joint in a position where interference 
w’ith joint movements is impossible. 

Treatment 

^Vhen one or more loose bodies are present m a jomt and are giving 
rise to trouble, the question of operative removal must be considered. 
If the joint is othenvise healthy, and there are no contra-indicntions, 
then lemovoi of tlie loose bodies should be urged with confidence. If, 
however, the joint is the seat of an extensive osteoarthriti.s, removal 
of the loose bodies, although necessary, can at best result only in a 
partial relief of sjTnptoms. 

Conservative Treatment. In the small percentage of cases in 
which operation of any tj^e is refused, fixation of the joint for a period 
may result in the attachment of the loose body m an area, such as the 
supra-patellar pouch, where locking is impossible. The result of such 
treatment is so uncertain, and the risk of stiffness following prolonged 
fixation so great, that operation is usually preferable. 

Operative Removal. The operation for removal of a loose body 
from the knee-joint may be one of the most tedious and difficult pro- 
cedures in surgery. “WTiea the joint is opened it is natural that a movable 
body should fall to the lowest possible point. The method of opening 
the joint more and more widely to get a better view leads to unnecessary 
trauma and often results in failure. If it is possible to bring the loose 
body into the hne of the inciaon, tissue injury is avoided. Two 
methoefe are avaifabi’e. first caasesfs ni <tit sttA'spt 'ic- &txii- tha 

loose body by filling the joint wnth salme, using a Higginson’s Bjringe, 
through which saline is forced into the knee. The second by massaging 
the body into the area of the wound, from which it can easily be 
removed. , , , i r 

A small vertical incision is made at the upper and outer border ol 
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the patella. With tlic knee plighUy hent, tlie s^TovIal membrane h 
opened in the line of the incision, and the whole joint, which has previ- 
ously been covered by a sterile cloth, is niajy^geti towards the incision. 
Any bwly, which is really lQO*-e and is situatetl ui the anterior compart- 
ment of the knee, can be satisfactorily dealt with in this rvay. Small 
loose bodies situateil in the posterior part of the joint, can also be manipu- 
lated tlirough the intercondylar notch, hut if their size prevents such 
movements, they should be renvovcrl througli a vertical incision made 
over the appropriate lateral margin of the joint with the k-nee bent 
to right angles. At thb angle the hamstring muscles have fallen back- 
wards, and the incision does not then involve any important structure, 
while sufficient room is obtained for dealing with the whole com- 
partment. 

JtECUltTtENT DISEOCATION OF THE PATELLA 

M’ithout rupture of its ligament the patella may dislocate to the 
outer or inner side of the limb, and on rare occasions may rotate vertically 
80 that its bonier — usually the outer — is caught in the intercondyloid 
notch of the femur. Recunent dislocations of the bone only occur 
towards the outer aspect of the femur ; if the bony and muscular struc- 
tures round the joint arc normal, recurrent dislocations are uncommon, 
but, in the presence of abnormal bony development or of unhealed tears 
in the quadriceps expansion on the inner side of the knee, displacement of 
the patella may occur each time the joint is fle.ted. The factors which 
predispose to the recunence of the displacement are : 

1. Want of development of the external condyle of the femur, either 

as a congenital deformity, or na the result of rickets or trauma. 

2. Overgrowth of the internal condyle from similar causes. 

3. Knock-knee deformity, in which displacement of the patella to the 

outer side tends to occur owing to the pull of the quadriceps. 

4. Traumatic dislocation recunence. 

Of these the knock-knee deformity is the most common cause of 
recurrent displacement in the young adult, Tlie deformity may be 
present as the sole predisposing cause of the displacement, or it may 
be combined with depression of the cirtemal condyle. 

Signs and SniPTOus of the Di.splacement 

.fks a rule, the patient complains of a sudden giving way of the knee, 
especially when weight is home on it in a position of flexion. This 
yielding is accompanied by an acute pain over the front of the joint, 
and voluntary extension of the limb is found to be impossible. Usually 
before medical help arrives the joint is straightened and the patient 
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may not be able to describe exactly the condition present. These signs 
simulate those of locking produced by displacement of a semilunar 
cartilage, but the correct dlagnoas is indicated by the excessive lateral 
mobility of the patella with the knee in the extended position. 


Treatment 

Consenr'ative. If the dbplaocnteut has been caused by a niild 
degree of knock-knee, accompjuiieJ by a loss of tone of the muscles, 
exercises nud massage of these nnisclcs, especially of the va.stus internus, 
may be of considerable help and shoidd diminish the tendency to recur- 
rence, but in the presence of a severe knock-knee, or of a definite con- 
genital fl.ittening of tbe external condyle, more radical treatment is 


necessary. 

Operative. Most of the younger patients can be successfully 
treated by femoral osteotomy, in which the deformity of knock-knee is 
slightly over-corrected. The pull of the quadriceps is now more over 
the internal condyle, thus tending to prevent the slipping outwards of 
the patella. 

In those cases where the limb is straight, and where no definite 
congenital deformity of the external condyle can be demonstrated, the 
operation, of Goldtbwait is tbe most suitable. 

Goldth\vaU’s Operation. A long incision is made on the outer 


border of the patella, sweeptog dowuwanis across the insertion of the 
ligamentuin patelhr. This tendon is 
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Transplantation of the whole of the Ligamcntum Patellae. A 
more successful realignment of the pull of the quadriceps on the tibia can 
be obtained bj the transference of the ligamentum patellaj with its bony 
attachment into a new site on the inner surface of tiie upper end of the 
tibia. The operation is similar to that of Goldthwait without the splitting 
of the ligament. Through the same incision the tissues on the outer 
aspect of the patella are freed, and the ligament with its attached portion 
of tibia removed and implanted into the tibia to 2 inches further 
internally. The after treatment is the same as for the previous operation 
and the result is iisuall}’ more satisfactory. 

Removal ol the Patella. Constantly recurring dislocation of the 
patella leads eventually to the development of artlmtis of the joint, 
the bony changes first appearing between the patella and the femur with 
the involvement of the whole articulation at a later date The repeatetl 
trauma, which mnintains ami increases the arthritic changes, can best be 
avoided by removal of the patella, the loss of this bone causing com- 
paratively little disability or loss of strength. 

Through a transverse incision the patella is dissected from its tendinous 
attachments and removed, after dixiding the synovial membrane as 
close to its articular surface as possible. When the bone has been 
removed great caro is taken to close the synonal caxity completely, so 
preventing adhesioas which would otherwise form in the joint. The 
quadriceps tendon is then sutured to the ligamentum patell®, and any 
cuts in the lateral e.vpansions arc treated by suture or overlapping. 
After skin sutnre the limb is fixed slightly Wnt on a splint for 2-3 week.?. 
Non-weiglit-liearing exercises arc startc<l early, and after 4-6 weeks 
weight may be taken on the Ihnb without danger. 

The results of this operation are excellent, and in the presence of 
arthritic changes in the joint it is to be preferred to any otlier form of 
operative treatment. 



CHAPTER V 

INJURIES TO THE SHOULDER-JOINT 


Tlie strength and stability of tlie shoulder-joint depend on the liga- 
ments and muscles wliich aurrmind it and govern its movements. Becaube 
of the absence of bony interlocking between the humerus and the glenoid 
cavity of the scapula, strains arc home on tlie muscles and ligaments 
rather than on the articular Burfaces of the joint. Traumatic sjmovitis 
or arthritis occur in the shoulder as in any other large joint, and 
give rise to signs and symptoms typical of these conditions, but, on 
account of the frequency of extra-articular injury in this region, a special 
description of the conditions commonly found and of tlieir appropriate 
treatment is of importance. 

The shoulder region may he Injureil either directly by a blow on its 
surface, or indirectly following a fall ou the outstretched hand, tlie 
force bemg transmitted along the forearm ami arm-bones to the joint 
tissues. In either case the trauma is usually followed by limitation of 
movement, the cause of which is often hard to deternune. If the radio- 
graph demonstrates the absence of bony injury the rigidity may he 
due, either to traumatic arthritis of the sbouliler-jomt, or to bruising 
or tearing of the penarticular tissues, followed later by the formation 
of periarticular adhesions. These two conditions between them consti- 
tute the majority of the soft-tissue injuries of the shoulder region, their 
importance depending on their similarity of clinical signs, and on the 
fact that treatment of the two conditions is so essentially ihfferent. 

The signs of the two conditions can be summarizetl easily under the 
follomng headings. 

Periartiathr Adhesions Tmuinatic ATlhntti 


1 Rigidity follows trauma in 2-3 

days. 

2 No radiographic changes. 

3. Small range of clear movement, 

usually with arm adducted. 

4. No tenderness on pressure over 

joint. 

5. Patient can usually sleep on 

affected side 

6 Little or no pam except on 
passive movement. 

7. Use does not alter the symptoms. 

8. Pain and tenderness immedi- 

ately reUevetl by rest. 


Rigidity follows trauma in 2-3 
weeks. 

No radiographic changes 

No clear range of movement. 

Tenderness on pressure, usually 
over bicipital groove 

Patient cannot sleep on afT< cted 
aide. 

Aciiing pain, usually alight, most 
of the time. 

Pam IS defiiutely increased by use. 

Discomfort or pam not completely 
obliterated by rest. 
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' Teeatmeist of Pbkiarticulae Adubsioks 

The prevention of the formation of adhesions is usually comparatively 
simple. Following a bruising of the joint voluntary movements should 
be encouraged from, the first, and gentle ma-ssage given to the whole 
region, uith the object of dispersing any exudate aiul preventing fibrosis 
of the ligaments and tissues. If adhesions arc already present the 
treatment should depend on their severity. If of recent formation full 
movements can usually be restored by gentle stretching, combined 
ivith massage and active movements. 

When the adhesions have been present for a long time and are rigid 
and unyielding, movements of the joint con be restored only by the 
help of manipulation under anicsthesia. The use of full anmsthe.sia is 
of tlie greatest importance, as in it.s ab-sence it is impossible to judge 
bow much of the resistance is caused by adhesions and bow much by 
protective muscle spasm. 

TBCATME^T OF TeaOMATIC AETUEmS 

Rest of the inflamed joint is essential and should be continueil until 
the arthritis has become quiescent. Tlie arm should be slung by the 
side, care being taken to prevent further injuries to the region. During 
the waiting period the aching in the shoulder gradually diminishes, 
tenderness disappears, the patient discovering that it is possible to 
sleep on the affected side withont causing pain, while digital pressure 
over the bicipital groove can be borne without discomfort. Rest is 
continued until all signs of inflammation have disappeared from the 
joint. This stage i.s asually indicated by the patient’s statement that 
the pain on attempted movement, which was previously present over 
the joint, is now situated at the insertion of the deltoid muscle. At 
this stage, and cot before, manipulation of the shoulder, with the object 
of breaking down adhesions, should be carried out exactly as in the 
case of periarticular adhesions, with a similar line of after-treatment, 
and with e.xcellent prospects of complete recovery of function. 

Manipulation. Mampulation of any joint should be carried out 
carefully under a definite plan, each movement bemg completed fully 
with adequate protection of the joint a^inst injurj’ or dislocation. 
With the assistant’s closed fist pressed into the axilla, m order to prevent 
dislocation of the head of the linmerus, the arm is grasped above the 
elbow and abductejl to the full range (Fig. 27). As the range of possible 
abduction is not constant the normal extent of the patient’s movement 
can best be judged by raising the other arm to its full extent. The 
shoulder is then rotated outwanls and inwards, the very greatest gentle- 
ness being used in this latter movement, as fracture of the neck of the 
humerus may ea.rily occur if it is performed jerkily or beyond the normal 



70 INJDEIES TO THE SHOULDEE-JOINT 

limits. After the manipiilation tie patient lies in licrl srilh tie atm 
abdiictetl to the horizontal plane, and the slioulder rotated oiitwanls. 
Jlassagc of the shoulder and encouragement of active nioveraents is 
usually siifTicient to retain the movement gained at the time of opera- 



tion So long as tenderness remains, active full abduction is impossible. 
The range of abilucfiou can, however, he maintained by the exercise 
kEo^vn as “ Climbing up the Wall,’ in which (lie patient creeps snth 
the fingers of the alfccted hand higher and liigher, whilst the side la 
pressed agamst the wall, thus increasing the abduction 

Restricted Manipulation. A full manipulation as already de.seribcd 
is usually impo.«s:bIe when the restriction is present in a healed traumatic 
arthritis. When operating for this con<lition. it is found that the resis- 
tance is so great tLst a fracture of the neck or abaft of the humerus would 
occur before the full range has been obtamc<l Under these circum- 
stances only a limited range of movement should be attempted on the 
fir.st occasion Later tlus procwlure may be repeated and a gre.ater 
range obtained. 

LESIONfi OF THE SOPRASPINATVS TENDON 
Following a severe strain, or dragging of the arm, the delicate tendon 
of the supraspinatus muscle may be partially or completely torn close 
to its attachment to the head of the humenis. Although the lesion 
occurs under cover of the laige mass of the deltoid muscle, its occur- 
rence can be recognized by the loss of the niovenieiit whitli is normally 
produced by the action of the supraspinatus muscle. The first 10 to 
15 degrees of active abduction of the arm are carrieil out solely 
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hy the supraspinatus muacle, no ofhei mmcle taking part in this 
action. 

Following the injury alxluction of the arm from the side is painful 
or impossible for the first few degrees, but as soon as the arm is passively 
abducted by 30 degrees the movement is strong and almost painless. 
Similarly, whilst the arm is being slowly lowered from a position of 
abduction, movement is free and controlled until the angle of 30 or 
40 degrees abduction is reached, after which control is lost and the arm 
falls to the side. Tenderness on pressure is present over the outer 
aspect of the great tuberosity, just imder cover of the acromio-clavicular 
joint, but on abduction tius tender ate.a parses under cover of the acromion 
and tenderness cannot then be denionstrate<!. 

Type of Injury, In most instances the lesion consists simply of a 
strain at the insertion of the tendon into the humerus, causing a localized 
inflammation and loss of function. Occ,asionalIy, following the strain, 
a deposit of calcified material forms close to tlie insertion of the tendon 
into the bone, giving rise in the radiograph to a suggestion of tear fracture 
(Figs. 28 and 20). Owing to the close connection between the tendon 
of the supraspinatiis and the capsule of the shoulder-joint, complete 
rupture of the teudoii is always accompanied by an extensive hicmor- 
ihagio effusion into the pint cavity. 

Treatment 

Fixation of the arm in. a position of abduction, combinetl with heat 
or gentle massage, for a period of 3-4 weeks, generally results m a dis- 
appearance of the pain, and is also in most instances followed by dis- 
appearance of the calcareous mass, when this is present. With complete 
rupture of the tendon such conservative mea.sures usually result in an 
improvement in function but never in a complete restoration of the 
previous power. If the disability resulting from the rupture is sufficient 
to interfere with the patient’s normal activities, an attempt should be 
made to suture the divided tendon by open operation. 

RUPTURE OF THE LONG HEAD OF THE BICEPS 

This injury occurs comparatively frequently — as a rule m men 
over 40 years of age— e.spccially where osteoartlmtic changes are present 
in the joint and in the bicipital groove. Tlie rupture (Fig. 30), which 
IS the end result of the constant fraying of the tendon in the roughened 
bony tunnel, occurs m the substance of the tendon and not, as is iisuaf 
m other similar ruptures, at the mnseulo-tcndinouH junction. 

The signs are clear; on attempts at flexion of the elbow a distinct 
gap can be felt on the upper and inner side of the muscle mass which 
lies at lower level than nonnal. At first most of the power of 



SOB-ACROMIAL BURSITIS 


73 


fle:don is lest, but after a 
months, even ^^thout restoration 
of the continuity of tlie <Iivwled 
tendon, the function is almost 
completely rcstore<l. 

TREATUEyr 

If the patient is seen directly 
after the occurrence of the 
rupture, an attempt should be 
made to join the di\*i<led tendon, 
or to suture its lower portion 
into the shaft of the humerus 
in the region of the bicipital 
groove. This helps to maintain 
the normal appearance of the 
arm and retains most of the 
strength of the muscle. 

Mlicn the injury is of long 
standing the function of the 
arm is usually so good that opera- 
tive interference is unnecessary. 

TEKO-SYNOVmS OF THE LONG HEAD OF THE BICEPS 

This disabhng condition usually foDou's on long-continued heavy 
work. It is diagnosed by the presence of pain, tenderness and swelling 
over the course of the affected tendon. All these signs are increased 
in severity when the muscle b contracted against resistance. Fine 
crepitus can occasionally be felt along the course of the tendon when 
the muscle undergoes active contractions. 

TRilATSIENT 

Rest for 3 weeks unth the elbow at right angles until the symptoms 
disappear, followed by an increasing range of active u^e of the arm, 
will usually cure the condition. 

SUB ACIIOMIAL BOIiSITlS 

Tlie presence of a true bursa in the sub-acromial region has been 
questioned, and it is probable that, following injury, the bursa develops 
from e.rpansion of one or more spac« in the loose areolar tissue under 
the deltoid. Inflammation and tenderness in this area occur frequently 
and give rise to syrniptoms and signs which are often difflcult to differ- 
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entiate from those of snpraspinatus injut>', or arthritis of the acromio- 
clavicular joint. 

Enlargement and inflammation in this bursa is characterized by 
tenderness over the outer side of the joint, just below the acromion 
process. This tenderness is not so localized ns that present following 
injury to the supraspinatus tendon; it can be elicited on pressure at 
any point close to the outer border of the acromion process, and it is 
present in all positions of adduction or abduction of the arm. In addition 
to the tenderness on pressiire, pam is caused by active contraction of 
the deltoid muscle, the pain occurring as soon as this muscle comes 
into use. Occasionally the bttrsa becomes greatly enlarged, causing 
distension of the whole of the shoulder girdle and oppearmg as a smooth, 
rounded projection from the anterior nurgin of the deltoid muscle. 

TnCATMCNT 

In the acute stage, in which the bursa is extremely tender, rest of 
the arm in abduction, combined with the application of heat and gentle 
massage, cause a rapid improvement m the condition and a disappearance 
of the disability. 

\Vhen the bursa is greatly enlarged and thickened it should be removed 
through a vertical incision along the anterior border of the deltoid. 


RECURRENT DISLOCATION OF THE SHOULDER-JOINT 
If, after the reduction of a simple dblooation of the shoulder-joint, 
the arm is kept at rest for 2 or 3 weeks to allow the torn tissues to become 
imited, a subsequent dislocation usually occurs only when an equally 
severe injury has been sustained. Without this necessar}' period of 
rest, and occasionally in spite of it, recurrence of the dislocation may 
follow slight injury The cause of the recurrence may be a congenital 
deformity of tlie glenoid cavity, or an abnormality of the articular 
surface of the head of the humerus, but the explanation is most probably 
the presence of an untreated tear in some iwrtiou of the joint capsule. 
These redislocations usually follow some slight movement of the arm, 
wlulst in a position of abduction. On the first occasion there may be 
difficulty in reducing the dislocation, but on each displacement reduction 
becomes easier, and eventually tbe patient can reduce it by rotation. 

haxa been advanced to explain this tendency lo 
displacement. Thus, laxity of the capsule, especially in the floor of 
the joint, whilst invariably present, could not of itself be responsible. 
Bankart has shown that an uniepadred tear of the attachment of the 
orbicular ligament to tbe glenoid cavity in its anterior portion can 
always be demonstrated. Perthe has stated that in recurrent dislocation 
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of the shoulder a bony lesion of the lower border of the glenoid cavity 
is always present. 

Treatment 

Treatment of the condition can be conscn'ative or operative. 

Conservative. The control of the joint during athletic pursuits 
can be improved by the wearing of a check strap. This consists of 
two loose leather loops, one round the body and the other round the 
arm ; these are joined together by means of a strap passing through 
a hole in the coat and in the sleeve. By preventing abduction of the 
humerus the tendency to dislocation is eliminated and the patient can 
carry on suitable athletic pursuits with confidence and safety. 

Operative. The simple operation of reefing and suture of the 
capsule, usually performed through an axillary incision, has proved to 
be entirely unreliable and should never be performed. 

Although many operative procedures have been described and prac- 
tised, the results obtained by Bankart's operation are so consistent that 
this procedure should always be adopted. 

Bankart's Operation. The shoulder is approached through a 
vertical incision along the anterior border of the deltoid mu«cle The 
space between this muscle and the pectoralis major is openeil up by 
retraction, and the coracoid proce.s5 is defined at the upper border of 
the wound. The distal portion of the coracoid proce.ss, with the attached 
coracobrachialis and biceps mu«cles, is now chiselled off and retracted 
downwards, when the front of the shouldcr-joint can be seen covered 
by the subscapularw tendon. Thw tendon is then di^^ded, aud the 
loose capsule of the joint opened in order to examine and define the 
separation between the glenoid cavity and the fibrous rim. These two 
are now joined by deep sutures, which pass through the ligament and 
through the bony margin of the glenoid cavity. The various layers 
are then sutured, and the movements are restored by voluntary exercises 
after a period of rest. The result.^ of the operation are excellent. 

JIany other operative procedures have been extensively used, and 
of these the following are frequently employed. 

Sling of Henderson. The object of this operation is the prevention 
of the displacement doivnwards of the head of the humerus, a movement 
which must occur before dislocation is jmssible. Through a vertical 
incision over the outer border of the acromion and head of the humerus, 
the deltoid muscle is split above the level of the circumfiex nerve. After 
clearing the acromion process and the great tuberosity of the humerus, 
a hole is bored in the latter, through which a loop of fascia lata, or 
kangaroo tendon, or a slip of the tendo achibls is threaded, and then 
pa.ssed through a hole bored in the neighbouring portion of the acromion 
process. The loop of suture material is then pulled tightly and sutured 
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together whilst the arm is Iield in slight abduction. After suturing the 
split muscle and skin tlie arm is maintained in the same position for 
2-3 weeks, after whicli the normal range is rapidly restored by volimtary 
movements of the joint. 

Clalrmont’s Operation. The object of this operation is the 
provision of an active muscle sling under the head of the humerus, acting 
as an elevator of tlie humerus when the arm is abducted. Two sVin 
incisions are nccessarj', the anterior one 5 inches in length extends down- 
wards from the coracoid process, parallel to the anterior border of the 
deltoid. The muscle fibres under the incision ate then split, and the 
quadrilateral space defined. This is slightly enlarged by dl^dding the 
upper tliird of the tendon of the teres major muscle ; the posterior 
mcision is then made 0 inches in length parallel to the posterior border 
of the deltoid muscle. Tlie posterior quarter of the deltoid muscle is 
separated, together with its tendon of attachment, the separation of the 
muscle above ceasing below the level of the circumflex nerve. Forceps 
are now placed from tlie front through the enlarged quadrilateral space, 
and the separated portion of the deltoid miiscJe « d/a«7i throvgb the 
space and sutured m frout to the split fibres of tlie deltoid in the anterior 
incision. It is essential that the ner\'e supply to the 5e2iarated portion 
of the muscle be carefully preserved from injury so that tlie muscle 
fibres do not degenerate. Unless the nerve supply is retained the trans- 
ferred muscle is rapidly converted into inactive scar tissue 

Nicola’s Operation. The aim of this operation is the retention of 
the head of the humerus in the glenoid cavity by using the tendon of 
the long head of the biceps muscle as a ligament. Through an anterior 
incision this tendon is defined and divnded between sutures one incli 
below the anterior humeral ligament. A hole is now bored in the humerus 
from the anterior edge of the upper articular surface emerging in the 
bicipital groove li inches below this point. The upper portion of the 
dndded tendon is threaded through this groove, its lower end projecting 
from the second opening below which the two divided ends of the tendon 
are sutured together. The upper portion of the tendon becomes firmly 
adherent in the bony groove, the transarticular portion acting as a 
suspensory ligament. 

Coracoid Osteotomy. This procedure has as its object the pro- 
lusion of a permanent bony block on the anterior aspect of the shoulder- 
joint. acting as a buttress to the joint and preventing the forward dis- 
pi'aceraetrt of thu jlreaif <rf t&e imnerm 

The technique is simple. Through an anterior incision m the delto- 
pectoral groove, the coracoid process is defined ami brought doivnwards 
and inwards to the front of the joint by four vertical incisions which 
extend through the bone from the tip backwards and downwards. If 
the combined tendon of the cotaco-hradiialis and biceps is left attoched 
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no complete separation of the fragments need be feared, and healing of 
the split coracoid results in a new elongated process which projects 
downwards and inwards. The movements of the shoulder are not 
restricted and the results of the operation are very satisfactory. 

mSLOOATIO^^ OF THE ACJtOMlO-CLAVlCULAB JO/AT 

Dislocation of the outer end of the claucle may occur in a downward 
or upward direction as a result of severe injury, such a.s a fall on the 
tip of the shoulder. Although a downward dislocation may be seen 
occasionally, as a rule the outer end of the clavdcle is displaced upwards 
with teanng of the acromio-clavieular, conoid and trapezoid ligaments. 
Replacement of the displaced clavicle is simple, but its permanent 
retention in its normal position in relation to the acromion process is 
usually difficult. The dislocation may be partial, or complete, the liga- 
ments in some instances being stretched, permitting a suhluxation of 
the joint, while separation of the articular surfaces follows complete 
rupture. 

The disability caused by the dislocation is at first severe, the patient 
complains of weakness in the arm andpam at the site of the dislocation. 
If l^t unreduced, the discomfort and pain diminish in seventy, and, 
although the deformity persists, the patient usually suffers comparatively 
little permanent disability. 

Tbeatoent 

If treatment is institutixl directly after the accident a good result is 
to be expected. Primary treatment consists in retaining the bones m 
their normal relationship, and tliis 
can be successfully accomplished by 
means of a tight bandage or strap- 
ping pas.slng over the tip of the 
shoulder and under the olecranon, 
the arm being held in adduction 
with the elbow at right angles 
(Fig. 31). By this means the re- 
duction is maintained for at least 
4 weeks to allow union of the tom 
h’gaments, and, as a rule, after thb 
treatment redisplacement does not 
occur. 

'\\Tien the deformity is old the 
disability is slight, but the appear- 
ance of the displaced outer end of 
the clavicle may cause the patient 
to seek relief by operation. 



Flo. 31. — FuBtion of a displawl Acromio- 
Havirular Joint ; collar auc] ciifT omitted 
for eleamc«s. 
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Various types of operations have been suggested, from arthrodesis 
of the acromio-clavicular joint — which, if successful, leads to diminution 
of abduction — to a ligamentous fixation of the cla\'ide to the coracoid 
process.^ Unfortunately the new ligament tends to stretch and permits 
redisplacement. On the whole, it is more satisfactOTy to treat the old 
dislocation by exercises, massage and free use, which tend to lessen the 
patient’s disability and improve the usefulness of the limh. 



CHAPTEll Y1 

TUBERCULOUS AFFECTIONS OF BONES AND JOINTS 


TUBEnCULOVS ARTHRITIS 

'The primary site of infection of a joint by the tubercle bacillus may 
occur either in bone or in any of the soft tissues. The invading organisms 
may be either of the human or of tht bovine type, the statistics published 
showing a considerable variation in the proportions of the two tyi)es 
occurring in different parts of the country. ^Miilc these figures are of 
considerable interest to the research worker and the social student as 
indicating the probable route of infection, they are of little importance 
to the practising surgeon, as the clinical phenomena produced by the 
two types of organism are identical, and clinical examination of the 
patient can never demonstrate the particular tj^pc of organism which 
has caused the disease. 

Although the deposit of bacilli may occur in any of the joint tissues, 
the primary infection is found most commonly in the bone itself, and 
less frequently m the synodal membrane. Tlie deposit of tubercle 
bacilli in such a deep-8eate<l structure as a joint is possible only if there 
is already present in the botly a focus of bacilli which may be dis- 
seminated. This prunar)’ infection is present most commonly in the 
lymphatic glands, cither bronchial or abdominal, from nhich infection 
may be carried by the blood or lymph streams to any area in which there 
is a temporarily lowered vit.abty. The importance of this local lowering 
of resistance cannot be exaggerated ; when the joint tissues are healthy 
their resistance is such that groivth of bacteria is prevented. The most 
frequent cause of such local devitalization is injury resulting in a ha;ma- 
toma, which forms a suitable medium for the growth of the in%'ading 
bacteria. It is impossible to prove that trauma is the invariable pre- 
disposing cause of tuberculous arthritis, but chmeal facts suggest a close 
association between these two conditions. Thus the disease is found 
more often in boys than in girls; it occurs more commonly in the joints 
of tie lower iimh and spine, which are thtrw most liable to injury. The 
tj-pc of injury sustained by the joint is also of importance ; severe injuries, 
such a-s rupture of ligaments or fractures into the joint, are never followed 
by tuberculous deposits, wliile comparatively mild injuries, such as 
strains, would appear to be the potent pretlisposing factors. 

Even the most careful histories are of little value in iletermining 
the effect of previous trauma on the development of tuberculous arthritis, 
because every parent can remember injuries which the child suffered 
70 
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at various times, which have probably had no bearing on the occurrence 
of arthritis, but the assodation between trauma and the subsequent 
development of tuberculous arthritis would appear to be proved. 

A^e and Sex. In 48 per cent of all cases the onset of tuberculous 
arthritis occurs bctueen the ages of 3 and 5 years, and in 75 per cent 
tlie first sign of the disease is discovered before the age of 14 years. 
These figures leave no doubt as to the tnitli of the statement that tuber- 
culous arthritis U essentially a disease of childhood, of the years during 
which the joints are liable to numerous strains and the bones bend 
rather than break. It is also during these years that infection by 
tubercle bacilli is specially hable to occur, either from relatives suffering 
from tubercidosja or through the medium of infected milk. 

The disease occurs in equal numbers in the two sexes up to the age 
of 0 years, but between 6 and 13 ye-irs the proportion is 5 boys to 3 girls, 
a variation which can easily be accounted for by the boys’ greater 
liability to injury. 

Prognosis. In a child suffering from tuberculous arthritis the 
outlook as regards life is on the wliole favourable. Under suitable 
conditions and with adequate treatment the disease can be arrested. 
Complete restoration of the affected joint to its normal condition does 
occasionally occur, but, as a rule, the disease results m destruction of 
at least the articular cartilage covering the ends of the bones and a 
consequent fibrous ankylosis 

Bony ankylosis usually follows on tuberculous arthritis only when 
the original infection has been complicated by secondary infection, and 
it has been generally considered that without such mixed infection union 
by bone is never seen. In rare instances the occurrence of true bony 
ankylosis can be demonstrated following an apparently uncompheated 
tuberculous arthritis, but tbesc exceptions to the general rule are seen 
only m certain well-recognized areas, sucb ns the lumbar spine. Occa- 
sionally in children, and more frequently in adults, the signs of tuber- 
culou-s infection become apparent m other areas during the course of 
treatment of the primary disease. The presence of these inidtiple infec- 
tions alters the prognosis, and with their occurrence the outlook for 
recover)’ is much less hopeful, death occurrmg m 5-7 per cent of such 
patients durmg the course of treatment for the original disease. Ihf 
ca use of death in sucb cases w f ound to be tuberculous infecti on of the 
moninaoa nf fh» Miners. »r. uTieii iiitwl intwtion is presen t, amyloid 
degeneration in the kxdneys. liver, tp fpst^nea anrl spleen. 

Whilst thTlTisease is essentially one of childhood it occurs com- 
paratively frequently in the adult, either as an entirely new infection, 
or as a lighting up of a previous trouble from which the patient seemed 
to have recovered. In its clinical appearance the disease in the adult 
closely resembles that in the cluld, but in the response to treatment 
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and in regard to the prognosis the disease is much less favourable as 
the age of the patient increases. 

When a child suffering from tuheiculous arthritis is fixed in recum- 
bency for a long period the result h usually an increase in weight and 
an improvement in general health with cessation or cure of the disease, 
but when an adult, similarly affected, is subjected to the same line of 
treatment, the progress is by no means so satisfactory. Furtlier spread 
of the infection, loss of appetite and weight are commonly experienced, 
and more radical methods, such as excision of the disease, or amputation 
of the affected tissue — when this is possible — may be necessary in order 
to save the patient’s life. 

SniPTOMS Axo Signs 

Although certam signs and symptoms occur only with infection of 
a particular joint, many of the signs are constant and appear in every 
instance of tuberculous arthritis wherever it occurs. Tliese constant 
signs and symptoms may be described under the following headings : 

Rigidity. Diminution of the normal range of movement is the first 
and most constant sign in everj' case of tuberculous arthritis. This 
loss of movement may be sliglit at first, but can always be appreciated 
svhen the joint movements are compared with the normal. Limitation 
of movement is not confined to those joints infected by the tubercle 
bacilli, but occurs in ever}' type of arthritis, and if such limitation is 
absent, even in one direction, then the diagnosis of arthritis cannot be 
made. 

If the tuberculous infection is confined to the 8}'novinl membrane, 
the limitation of movement is due to the presence of the thickened 
synovial membrane and the large effusion m the joint, whicli mechanically 
limits its range of action. lliter, as the disease progresses and the 
articular surfaces are invaded, the movements of the roughened surfaces 
are prevented by reflex muscle spa.sm. This protective spasm is inducetl 
by movement of the roughen^ bony surfaces ; at first, before the 
formation of fibrous bands, it constitutes the joint’s sole protection 
against movement, but as the fibrous bands form and increase in strength 
the possibility of movement becomes less and the spasm is not so 
apparent or so easily induce<l. The amount of spasm may, therefore, 
be taken as an index of the stability of the joint. The greater the 
spasm the less the stability, and vice versa, so that with a complete 
bony anhylosis protective spasm is absent, and with a short, firm, 
fibrous ankylosis it only appears M'hen the joint is 8ubjecte<l to excessive 
strain. 

Swelling. Swelling and distension of the affected joint become 
apparent at an early stage of the disease. These signs can be appreciated 
easily in a superficial joint, such as the knee, where the swelling appears 
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early, at first on both sides and above the patella in the suprapatellar 
pouch, and later at the level of the joint itself. At first, before the synovial 
surface has been invaded, svi-elling of the joint may be due to simple 
irritative synovitis, caused by the close presence of a tuberculous focus. 
Later, the synovial and peri^novial tissues become infected, and the 
synovial contents are altered to a tliick, gelatinous mass which blurs the 
outlines of the joint, both to palpation and to radiographic examination. 
^Vs the disease progresses the thick fluid m the joint is gradually absorbed 
and the measurements of the joint may even approximate to normal, 
but the synovial and perisynovial thickening remain so that the bony 
outlines still appear more or less obscured. 

On palpation the enlarged tuberculous joint has a peculiar spongy 
feeling, which can easily be recognized, and which constitutes its charac- 
teristic sign ; although varying to some C-xtent according to the amount 
of fluid present in the joint, the tissue thickening, when once appreciated, 
can alwaj’s be recognized. Tbe examining fingers sink in for a short 
distance, but the underlying bone outlines are masked by the thickenerl 
soft tissues. 

Pain. Although occasionally tuberculous artlintis of tbe knee joint 
may pass through its whole course of destniction and healing without 
causing any pain to the patient, yet in the majority of cases pain is a 
prominent s^miptom and appe.ars as soon as there is definite involvement 
of the articular ends of the affected bone. If the synovial membrane 
alone is involved, there is usually considerable swelling which stretches 
the joint and may give rise to a fecimg of tension and discomfort, but 
the typical pain of a tuberculous arthntis follows on the involvement of 
the articular surfaces and is due to movement of the roughened bone ends. 
This movement is, to a large extent, preventetl by the protective contrac- 
tion of the muscles controlling the joint, but. if the limb is jerked so that 
the muscles cannot prevent movement, or if the muscle 8pasmtstela.ted, 
as in falling asleep, then tbe movement thus produced gives rise to the 
sudden stabbing pains, which are so characteristic and so well known 
under the description of “ night cries ” 

Muscle Atrophy and Muscle Spasm. These two conditions 
which would seem to be mutually antagonistic arc prescut in all tlie muscle 
groups acting on the affected joint. The atrophy appears rapidly and 
becomes so extreme that it cannot be explained solely on tlie theory 
of thsuse atrophy. As previously explained, the muscle spasm also 
appears ns soon os a true arthritis is present, and remains until the 
disease is cured, or until a firm fibrous or bony ank 7 losH is present and 
movement becomes imiiossible. 

Deformity and Shortening. These two clinical conditions are 
usually present to a varying degree when the infection has inyotved 
one of the larger joints of the limbs. Tlie true shortening of a limb is 
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the result of destruction of bone, especially when the growing epiphyseal 
plate has been lost. In addition to the shortening, the affect^ limb 
is usually deformed and may, on this account, appear even shorter unless 
the joint has been protected during the period of destructive changes. 

Abscess Formation. A slowly forming “ cold ” abscess frequently 
complicates tuberculou.s arthritis. The abscess, wliich is characterized 
by the absence of heat and pain, is comptsed of a fibrous lining wall 
in which can be demonstratecl numerous tubercle bacilli. Tlie contents 
of the abscess cavity consist of a mass of broken-domi tissue and blood 
cells in which a few tubercle bacilli can be found if the abscess is of 
recent formation. In the contents of an old-standing abscess it is 
difficult, or impossilile, to demonstrate tubercle bacilli, although their 
presence can usually be proved bjr injection of some of its contents 
into a guinea-pig. 

As a rule, under efficient conservative treatment, the abscess gradually 
absorbs and disappears, and no surgical intervention or opening of the 
cavity is advisable or necessary. Occasionally, liowevcr, the abscess 
may press on important neighbouring structures, or may tlireaten to 
burst through the sldn or into a neighbouring cavity. It is odvisable 
to aspirate such an ab.scess througli adjacent healthy skin, or, if the 
contents consist of thick caseous matter, which cannot pa.ss through the 
needle, a small incised wound — made under strict aseptic precautions — 
may prevent a tragedy, but the mere presence of a cold abscess is not 
of itself an indication for surgical interfcreDcc. 

General Signs. The presence of tuberculous arthritis is usually 
associated with an appreciable loss of weight. Elevation of the tem- 
perature 1-3 degrees each afternoon is commonly found during the 
Activity' of the disease. Persistence of this rise of temperature indicates 
activity in the lesion, and should olwa}-8 be considered as a definite 
contra-indication to the activity of the patient. 

If the disease progre-sses the skin may assume a distinct yellow 
tinge, even when the tuberculous arthritis w uncompheated by mixed 
infection. IMien other organisms have been admitted to the area of 
tuberculous infection — usually through the medium of an open sinus — 
other grave changes take place. Tlie liver, spleen and hdneys may 
become the seat of amyloid changes, which are indicated by enlarge- 
ment of these organs, and in the kidnejrs by tlie passing of urinary casts 
and occasional traces of blood. These changes occasionally occur where 
the infection is uncomplicatevl, but ate found much mote frequently 
when a pyogenic infection has been added to the original tuberculous 
lesion. 

Radiographic Appearances. A» a rule in the early stages of 
tuberculous arthritis no definite area of bone destruction can be demon- 
strated, but even at this stage wid^pread decalcification is pre-sent in 



84 TUBERCULOSIS OP BONES AND JOINTS 

all the bony structure of the joint. This decalcification increases rapidly 
and one or more areas of bone destructiojj usually appear beyond the 
epiphpeal line, or on the articular surfaces themselves. The clear 
outlines of the bones are lost and a peculiar condition of “ fuzziness ” is 
seen, especially on the area of greatest Irene destruction. 

Soon the joint apace Irecomea narrowetl until eventually it almost 
disappears, and the smooth articular surfaces are dcstroye<l, leaving 
irregular eaten-ont areas. The appearance of these areas of necrosis is 
peculiarly cliaracteristic, because tuberculous arthritis is essentially 
destructive in character with little or no attempt at new bone formation. 
Some indication of improvement can be seen later when the decalcified 
bone becomes recalcified and the “ fuzziness ” disappears and is replaced 
by the sharjily defined, although Irregular, outlines of sclerosed hone. 

Duonosis 

In making the diagnosis of tuberculous arthritis the surgeon must 
place considerable weight on the clinical signs. If all or most of these 
are positive, there is a etrong suggestion that the arthritis is the result 
of infection by the tubercle bacillus. Some help m confirming the 
iliagnosis may be obtained by the use of the skin reactions of Von 
Pirquet and Jlantoux. The reactions are at best only suggestive of 
the diagnosis ; tiius, a positive reaction in a child over the age of 3 
does not of itself indicate the nature of the arthritis, previous infectiou 
by the tubercle bacillus being usually present in some other part of the 
body, nevertheless a negative reaction is of considerable diagnostic 
value. 

The only method by whicli the diagnosis can be made wth certainty 
is the discovery of tubercle bacilli, cither m the contents of the joint 
or in the joint structures. Absence of the bacilli from the aspirated 
material does not prove tliat the infection is not tuberculous, but the 
risk of an exjiloratory arthrotomy for diagnostic purposes is, m my 
opinion, seldom justifiable on account of the grave danger of the jier- 
sistence of a sinus. 


Treatment 

As tuberculous artlmtis is a sign of generalized infection, treatment 
must not be confined to tlie joint iteelf, but should oiia at the elimination 
of the whole disease. The measures emploj-ed can be divided into two 
sections, general and local treatment, wfiicfi are to a large extent 
interdependent. 

General Treatment. Genoal treatment depends largely on the 
provision of fresh oir, good, plain, easily digested food, and sunlight 
when available. This line of treatment is canied out most effectively 
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in an open-air ward or balcony. It must be continued without inter- 
ruption summer and winter, a little extra precaution being needed to 
protect the patient from cold in winter or heat in summer. Tins line 
of treatment usnally results in a rapid increase of the patient’s weight, 
an improvement in the appetite and a general increase of metabolism. 
Sunlight, whether of the natural or artificial variety, is useful when 
used in moderation, hut more harm tlian good will Ije done if careful 
8upcr\'ision is not usetl, and frequent checks made as to the effect of 
sunlight on the patient’s general health. The object of treatment by 
sunlight is improvement in the general metabolism of the body, as 
evidenced by the increased excretory activity of the skin, improvement 
in the respiratory action of the chest, and increase in the appetite. 
Usually, the first and most ob\noiis effect of sunlight consists in pig- 
mentation of the area of skin which has been exjiosed to its action. 
This pigmentation is of considerable clinical importance and may he 
taken as a guide to the effect of sunlight on the patient, MTiere pig- 
mentation rapidly follows exposure to sunlight the patient's general 
condition improves, weight increases and temperature diminishes, but 
where no pigmentation occurs after prolonged exposure no such beneficial 
effects follow the application, the temperature rises, the appetite is poor 
and the patient complains of a feeling of sickness. 

Treatment by sunlight, either natural or artificial, may he earned 
out generally or locally. In the first method it is used as a general 
body tonic, its effect on any particular lesion being indirect through an 
improvement in the body metabolism. In the second, the application 
is confined chiefly to the affected area, although tliere may at the same 
time be some exposure of the rest of the hotly. In the treatment of 
tuberculou.s arthritis artificial sunlight is of value only because of its 
effect as a general stimulant, and its use should be limited to its action 
as a general tonic. Treatment of the disease by local nppheation of 
artificial sunlight is definitely dangerous as its use is frequently followed 
by an increase in the extent of the di'iease, especially when this i.s com- 
plicated by the pre.sence of a sinus. Exposure to sunli^t, of either 
type, should at first he limited to a period of 5 minutes per day ; this 
period may he gradually increased up to a maximum of 5 or 6 hours in 
the case of natural sunlight, careful super\’ision alwaj-s being given to 
its effect, any signs of over-exposure or ill effects being dealt with at 
once by its temporary cessation. 

Local Treatment. As tubcrcoloos infection o*f the joint is always 
accompanied by inflammatory changes in all the neighbouring tissues, 
local treatment must consist primarily in rest of the inflamed area until 
the actmty has disappeared and the joint has become ankylosed, or 
movement has been restored. 

It is evident that the means adopted to promote rest of the joint 
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affected must vary with the different regions of the body, hut certain 
principles must underlie the methods which arc employed. 

1. The apparatus used must be sufficiently strong to mainrain com- 
plete rest of the affected joint. 

2. Voluntary muscular movements which might act even indirectly 
on the affected limb must be controlled. 

J. If possible tlie affecte<l area shoidd be left uncovered and open 
to the sunlight and air. 

4. Fixation must he continued until all inflammation has disappeared. 

5. When definite signs of resolution of the disease appear function 
of the joint may be permitted. 

G. If the joint has become soundly .anig'loscd use may be permitted 
without protection. 

7. By prolongetl fixation an unsound fusion is frequently converted 
into a sound ankylosis. 

8. If, in spite of prolonged fixation, the ankylosis remains unsound 
and the position of the joint alters Tvith use, a sound fusion should, 
where possible, he obtained by operation. 

TUBERCULOUS INFECTION OF BONE 

Bouy tissues show several ihfferent types of reaction to infection 
by the tubercle liacilli Just as in the case of tuberculous arthritis, the 
condition is always secondary to some primary focus, from whicli the 
bacilli are carried by the lymph or blood-stream. The age period during 
which tuberculous infection of bone occurs is roughly the same ns in 
the case of tuberculous arthritis, and in both a previous trauma is 
probably an important factor in the onset of the thsease. 


TUBERCULOUS PERIOSTITIS 
Inflammation of the surface of the bone may be causeil by the 
deposit of tubercle bacilli, either on the outer surface of the corte.x or 
on the deep aspect of the periosteum In either case the surface of the 
bone becomes affected, the disease spreads rapidly along the bone, and 
to some extent into its substance along the course of the perforating 
vessels. With the spread of the disease its centre softens, forming a 
pulpy granulomatous mass, caseation and abscess formation rapidly 
appearing. Over this softened area the skin becomes stretched and 
one or more smuses appear, bnngiiig with them the possibility of mixed 
infection and amyloid changes. The effect of tuberculous periostitis on 
the underlying bone depemls largely on the structure of the affectetl 
bone, when occurring in connection with a dense bone, such as the 
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tibia, only slight superficial necrosis may result, but with soft cancellous 
bones, such as the vertebral bodies, w’d^pread infection and destruction 
appear rapidly. 

Tbeatme.vt 

lu its early stages, when the infection is confined to the periosteum, 
complete rest of the affected part, witli open air, good food and sunlight, 
often result in cure of the disease, the healed bone being coiisiderably 
thicker and denser than normal. 

When .an abscess ha.s formed and is threatening to burst tlirough 
the sldn, conserv’ative treatment fails and operation is indicated if the 
disease is situated at an area where operation is possible. 

Operation. After opening up the infected area widely the abscess 
is gently swabbed out and the area of disease dealt with by the removal 
of any necrotic pieces of bone. The operation wound is then com- 
pletely sutured, and conservative treatment is continued as before until 
signs of bone sclerosis and heaUng become evident. 

Subperiosteal resection of the affected bone may be rised with advan- 
tage, the whole of the infected tissue being removed, and the possibility 
of non-union following the wide removal of bony tissue can be con- 
sidered as a justifiable risk. 


TRUE TUBERCULOUS OSTEITIS 

is found in one of two forms : 

(а) Localized or encysted. 

(б) Diffuse osteitis. 

(n) Localized Tuberculous Osteitis 

This — the more chronic tj'pe— occurs a.s a rule m the metaphysis 
of one of the long bones, liie disease appears usually as a caWty in 
the bone in which the cancellous tissue has disappeared. Round the 
area of infection appears an area of thickening or sclerosis, which is 
often difficult to differentiate from the dense sclerosis which surrounds 
a local area of septic infection (Fig. 32). 

The history of the affection may extend over several years with a 
complaint of chronic aching, bat without severe pain at any stage. 
The affected bone is somewhat enlarged and the neighbouring joint 
'may be restricted in movement owing to tliis enlargement, and to the 
presence of a simple irritative synovitis. 

Differential Diagnosis. The only difficulty met with in diagnosis 
is the demonstration of the type of organism which is responsible for 
the hone necrosis. Usually the amount of sclerosis round a tulrerculous 
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tuberculosis of bones and joints 

infection is less tlian that roand aa area of bone infected by pyogenic 
organisms, but it is frequently impossible to make a certain <liagnosIs 
without opening of the cavity and examination of the contents. 
tuberculous osteitis the contents of flie cavity are of a caseous nature 
and tlie cavity is lined by thickened pulpy granulation tissue. The 
diagnosis should always be confimed by guinea-pig inoculation. 



Tig 32 — Tuberculous Oslotw of Neck oi Femur, not involving Hip.joint 

Treatment. In certain areas, particularly the metaphyseal ends of 
the tibia, fibula, radius, ulna or humerus, these chronic encysted bone 
abscesses can be cleared out by operation with little fear of infection 
of the neighbouring joint When the cavity is situated near the hip- 
jomt, either in the neck of the femur or at the edge of the acetabulum, 
even the most careful opening and cleanng out is u-sually followed by 
vnCecUnn oC the joint, and a more favourable result can be expected from 
prolonged rest of the affected area. 

(6) Diffuse Tuberculous Osteitis 
This condition is seen most typicalfy in the metacarpals, metatarsals 
and phalanges. The medulla erf the bone is transformed into pulpy 
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granulation tissue containing tubercles, and tbe cancellous tissue is 
destroyed. Sequestra are often eeen; these are soft, friable and 
yellowish-white in appearance (Fig. 33). If a sinus has formed and 
mixed infection results, minute spicules of dead bone usually come 
away in tbe discharge. 

With this 1)^30 of infection the bone becomes enlarged, tlie medullary 
portion being eaten away, wbibt new bone is tliio'ivn down on the 
surface from the periosteum. Frequently the iliscase does not extend 
through the whole length of the bone and, as a result, the infected area 
becomes shut off from the healthy bone by an area of osteosclerosis. 



Fic. 33. — Tubmnlou^ Uact^btw of both hands. 


Differential Diagnosis. The cliief difficulty met tvith here is the 
diagnosis of the condition from syphilitic dactylitis, in wliich there is 
u.suallymorc new bone formation, as shown in the radiograph — sequestra 
are frequently seen in tuberculous infection but not m syphilitic dactylitis 
— whilst help is given by an examination of the Wassermann reaction in 
the blood or cerebro-.spinal fluid. 

Treatment. Prolonged fixation of the affected area results, as a 
rule, in improvement or cure of the condition. If an abscess develops 
and is threatening to burst through the .skin, widespread opening and 
clearing out of tbe infected tissue, as already described, is usually 
followed by healing, with occasionally some defonnity of the affected 
digit. 



CHAPTER VII 

TUBERCULOSIS OF THE IIII’-JOINT 


The primary infection in tuberculoua arthritis of the hip-joint occurs, 
as a nile, in bone, either in the head or neck of the femur or in the upj)er 
border of the acetabubim. That primary synovial infection can and 
does occur seems to be true, as so often the clinical signs are present 
long before any bone focus can be demonstrated. In cliildren the priniaiy 
focus is present more frequently in the upper border of the acetabulum 
than in the femur, Imt in older children and in the adult the ccrrical 
area is more often involved (Fig 31). 



FiQ. 34 — Tuberculotin lbcu$ m .Aoetniiii"”' 
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Radiographic Appearances. Frequently after a clinical diagnosis 
of tuberculous arthritis m a chiW the radiograph demonstrates a diffuse 
decalcification of the upper end of the femur and of the acetabulum. 
This appearance may remain unaltered for Bevcrnl months, but eventually 
destruction of the articular surfaces proceeds rapidly, the joint space 
is lost and tlie two roughenetl bony surfaces are pressed together by 
muscular contraction, combined in the untreated ca«e.s wtli tlie strain 
of weiglit-hearing. Unless the progre-ss of the disease is controlled more 



Fifi. 35 — Tuberculous focu:i in Xi>ck nf Femur inTolving Hip.joint. 


and more bone becomes infected, softened and infinmed. Destruction 
and bone loss are present, jiarticularly at the upper border of the aceta- 
bulum, which jnelds to pressure, the head of the femur travelling upwanls 
in the enlarged cavHty on the side of the pelvis (Fig. 35). This alteration 
of position, the go-called “ travelhng acetabulum,” always occurs in an 
upward direction and is a direct result of pressure between the two 
inflamed bony surfaces. Not infrequently the disease may spread 
into the pelvis after perforation of the wall of the acetabulum. Spread 
of infection in this direction usually Icatls to generalized infiltration of 
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the neighbouring tissues with involvement of the inner side of the pelvic 
brim. 


Sybiptoms and Signs 

In children the onset of the disease is, as n rule, peculiarly insidious 
and hard to detect. An afternoon temperature is present in most 
p.itients, but generally the first sign is a Imp, which is worse when the 
child is tired but almost dls.appe{irs after rest. Soon the Imip becomes 
constant and is accompanied by complaints of aching or tiredness, but a 
history of severe pain in the early stages is the excejition. Pain, when 
present, is not usually compLiincd of in the region of the hip, but is 
referred to the front of the thigh or the inner side of the knee, over the 
distribution of the anterior crnrnl an<I obturator nerves, each of which 
gives a branch of supply to the hip-joint. As soon as elBcient treatment 
has commenced tlus pam usually <Usappears, and its persistence in spite 
of efficient treatment is verj’ suggestive of abscess formation. 

On examination m the early stage there is usually some tenderness 
on pxesswre over the front of the joint, rntb limitation of movement 
in oveij' direction, as compared with the normal range. In tiie earhast 
stage, when the joint is full of fluid but before there is definite articular 
erosion, the leg is held in a position of slight abduction ivith some external 
rotation of the thigh, the position in which the cavity of the Iup-]Oint 
can be distended to its greatest extent without e.^ertiiig painful tension 
on the joint structures. This stage of apparent lengthening docs not, 
as a rule, last long and has usually disappeared before the jiatient comes 
under the surgeon’s care. As soon ns erosion of the cartilage develops 
muscle spasm comes into action ; aU the miucles acting on the joint 
take part, the adductor group — on account of its great strength— bring- 
ing the leg into deformity, tlie stage of apparent shortening. With 
further de-struction of the articular surfaces and of the underlying bone 
the stage of true shortemng appears, in which the real loss of length 
of the limb — caused by absorption of bone — is associated with adduction, 
flexion and internal rotation of the hip. 

This problem of true and apparent shorteiuiig can be easily under- 
stood from a study of tlie diagram (Fig 30) If a hip-jomt is ankylosed, 
without bony destruction, m the neutral position the two legs will appear 
to be, and will really be, equal in length, but if a hip-joint is ankylosefi 
m abduction without flexion, the affectetl leg appears longer than the 
normal because of the tilting upwards of the pehis on the normal hide 
Similarly, if the joint is ankylosecl in adduction the leg on the alTecteil 
side appears shorter than normal because of the abduction of the normal 
lup and the lowering of the pelvis on that side. 

Periarticular infiltration and thickening can be appreciated over 
the front of the joint soon after the onset of the disease, but although 
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abscess formation is of common occurrence at the later stages, verj’ 
rarely can such collections be demonstrated as an early complication. 
Although the abscess may approach the surface and be palpable on any 
aspect of the joint, its usual point of appearance is the anterior aspect, 
slightly to the outer side of the jcnnt in front of the great trochanter. 




Pic. 30. — Showing Apparent Shortening «luc to AdilMction Deformity in Ankylosis of 
the llip-jomt 

Occasionally, when the disease has extendctl into the pelvis through 
the floor of the acetalmlura, the abscess may point above Poupart’s 
ligament, or be felt on rectal examination. Iilu.scular wasting of all 
the groups acting on the affected joint appears at an early stage and 
remains as a permanent feature. 

Examination of the Hip. This should be carried out while the 
patient lies uncovered on the examinatiou couch ; all the movements 
of the affected joint mu.st be compared rvith the normal. As many 
of these patients are young children the e.’camination should be con- 
ducted slowly, and every effort should be made to gain the cliild’e con- 
fidence. The limb should not be grteped roughly in the hand, hut 
ahotild be held lightly with the fingers. The range of abduction, adduc- 
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tion, flexion, extension and rotation sliould each l)e recorded, and if 
any one of these movements can be carried out freely to its full extent 
the possibility of arthritis may be excluded. If the examination is 
conducted ^vitljout first removing the clothes, incorrect conclusions are 
almost certain to be'drawm as the apparent range of movement in any 
I)articular direction may be greatly increased by rotation of the pelvis. 

Thomas s Test. As a rule, the first sign of loss of movement in the 
alTected hip-jomt is an inabihty to hyperextend the thigh without flexing 
the lumbar spine , on this rests the Thomas hip-fiexion test. In carrying 
out this test tlic normal lumbar lordosis is obliterated by flexint' the 
sound hip so that the front of the thigh ties close to tlie abdominarwall. 
This flexion must be sufficient only to obliterate the lordosis, and must 
not be so extreme as to result in tiJfmg the pelvis from the couch (Fi". 37) 



Fio .t?. — TI»om«»« Hip flpMon Tp«f 


Whilst the spine and pelvis are thus kept flat on the examining couch, 
the patient is encourageil to put the other thigh and leg on the table. 
If this is possdde, then flexion defornuty is not present, but if the limb 
cannot be placeil flat on the couch, then the amount of flexion deformity 
present in the affected hip can be judged ns being equal to the angle 
between the couch and the thigli in its position of fidle.st possible extension. 

Differential Diagnosis 

Among the many conditions with which tuberculous arthritis of 
the hip-joint may be confused are the following : 

I. Transient Synovitis, a condition characterized by limitation of 
•mcrjeiTien'l.B, slight tewiCTwess aswl very wcaaowAUy vswa sAiggestion 
in the radiographs of decalcification of bone, wliicli cannot be differen- 
tiated from the appearance of an early case of tuberculous arthritis of 
the joint. The cause of the synovitis is probably a mild septic infection, 
but Its appearance and clinical signs are so like those of early tuberculous 
arthntis of the joint that the differential diagnosis is usually basetl on 
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the response to treatment. Wien treaterl liy rest and fixation the 
rigidity rapidly disappear.?, whilst in the case of tnberculou.? arthritis 
the response is extremely slow, and cxidence of hone destruction generally 
appears. 

2. L'cgg’s, Calve's or Perthe’s Disease, an affection of the hip- 
joint M'hich was previously mistaken for tuberculous disease, and char- 
acterized by limitation of alaluetioii, adduction and rotation of the 
joint, whilst flexion and extension are retmned to almost their normal 
range. The radiograph.? show flattening and fragmentation of the head 
of the femur (Fig. 70) srith, ns a rule, the ap{>earance of indefinite cyst- 
like spaces in the neck of the femur and occasionally in the edge of tlie 
acetabulum. 

3. Septic Arthritis or Epiphysitis of Children, a condition of 
acute infection occurring usually in the first year of life, and characterized 
by destruction of the bead and part of the- neck of the femur, with a 
history of absce.ss formation, leaving a joint unusually mobile in all 
directions. 

This disease probably arises ns an osteomyelitis of the intra-articular 
portion of the femur. Although no definite bony or cartilaginous mass 
is extruded from the sinus, the infection results almost invariably in 
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complete loss of the Iieatl and the upper part of the neck of the femur 
mthout destruction of tlie acetabulum (Fig. 3S). As a result the joint 
is nhnormally mobile, unstable and painless, and the affected leg is 
considerably shorter than normal on account of the loss of growtli from 
destruction of the tipper epiphysis of the femur, and the displacement 
upwards of the great trochanter on the outer side of the ilium. 

4. Disease of Spine and Sacro-lllac Joint, Appendicitis and 
Perineal Abscess. Any of these conditions may give rise to flexion 
of the liip-joint, hut disease of the joint may be excluded by the presence 
of free rotary inovenients. 

5. Coxa Vara and Congenital Dislocation of the Hip are easily 
differentiated by the freedom of movements and -the radiographic 
appearances. 

6. Osteoarthritis of the IIlp usually occurs m a chfferent decade 
of life, and, although movements are limited, the radiographic appear- 
ances indicate heapiug up of bone round the acetabulum m contrast to 
the destruction, without new bone formation, which is characteristic 
of tuberculous arthritis. 

7. Extra-articular Tuberculous Osteitis. Bone infection, situ- 
ated close to the joint, may give rise to signs and symptoms closely simu- 
lating those of tuberculous arthritis. The most common sites of such 
depoaitsarethe neck of the femur, or the upper border of the acetabulum, 
citlier of which leads to a limitation of movement m the joint in one 
or more directions Tho differential diagnosis tests largely on the 
presence of a full range of movement m at least one direction, and also 
on the radiographic appearances, which from an early date show an 
Ul-defined cut-out area of bone necrosis, which is present close to, hut 
not in, the joint cavity (Fig. 32). 

Prognosis 

In spite of adequate treatment a certain small percentage of patients 
have such a low resistance to the tubercle bacillus that a fatal resuit 
is inevutable from even an uncomplicated affection of the hip-joint, 
but as the provision of efScient general and local treatment has improved 
this percentage has rapidly diminished. Every true tuberculous arthritis 
ends in the formation of a fibrous or bony band of union between the 
injured articular surfaces. Uncomplicated tuberculous infection of the 
joint is almost invsnablj' feUlotred by fibrous union, whilst the bony 
t^’pe is the result of an mfeclion which has become mixed, usually through 
the medium of a sinus. The greatest safeguard against recurrence of 
disease, or the subsequent appearance of deformity, depends on the 
presence of bony fusion, yet a strong fibrous union functions almost 
equally well and prevents deformity later. 
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Treatment 

General treatment, with the object of improving the patient’s resist- 
ance to the general infection, must be employed in conjunction ndth 
the tjTie of local treatment considered most suitable. Contmuou-s treat- 
ment in an open-air ward or balcony, cheerful surroundings, and an 
adequate supply of light, easil}’ digested food are all essential in improving 
the patient’s metabolism. It is not necessarj' for every child suffering 
from tuberculous arthritis to be admitted to hospital if suitable conditions 
can be arranged at home, as a very ncr\'ous cliild progresses more satis- 
factorily amid normal surroundmgs if the treatment is equally efficient. 

Local Treatment. Before considering details of local treatment 
the surgeon must realize that the reaction to the prolonged recumbency 
which is necessary for the complete fixation of the affected joint varies 
with the age of the patient. In the child suffering from tuberculous 
arthritis recumbency can be continued with safety for many months 
or even years without risk to the genera! health, and wth excellent 
prospects of cure of the disease. 

lu the adult a similar period of immobilization is not borne so well ; 
spread of the di.sease, rise of temperature, the appearance of kidney 
costs or blood in the urine are all indications that indefinite recumbency 
is inadsisable and that, where possible, more radical surgical proccdure.s 
should be undertaken. The disease may, therefore, be said to take 
two distinct forms— the mild type occurring in children, which is best 
treated on purely conservative lines, and the more \irulent type of the 
disease seen in the adult, which may require radical interference. 

The object of all treatment is the prevention of movement and of 
excessiv’e pressure between the roughen^ articular surfaces of the femur 
and acetabulum. This pressure may be the result of protective muscle 
spasm alone, but is greatly increased when the strain of weight-bearing 
is Bupeiadded. 

JIany attempts have been made to treat tuberculous arthritis of 
the hip by strong continuous traction applied to the limb inth the object 
of separating the two infiamed bony surfaces from each other, thus 
preventing any pos.sible pressure between the roughened bones. This 
line of treatment can never be successful as the amount of traction 
required to produce separation between the articular surfaces Is so 
great as to be unbearable. If on attempt is made to use this method 
the patient complains, the pressure is lessened aud its effect is naturally 
lost. 

The aim of any form of treatment must pnmarily be the eUmination 
of spa.sm from the protecting muscles, and the prevention of the excessive 
intra -articular pressure which leads to further destruction. These objects 
can be attained by fixation of the joint and prevention of weight-bearing 
on the affected limb. 
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As Boon as the diagnosis of tuliercolous arthritis is itiarle, treatinent 
Bhould he begun immediately. Tlie acute stage of the disease is usually 
characterized by an afternoon rise of temperature, pain and jmssibly 
night cries and a poor general condition. In nil cases presenting this 
syndrome treatment by fixation in recuinlreiicy is essential. The presence 
of a raised temperature is an indication of actirity of the disease and, 
is a distinct contra-indication to the activity of tlie patient. 

Many tj'jMis of splints, as well as plaster of Pans, are used for fixation 
of the joint, and if the immobilization is adequate the object has been 
secured. Of the splints in general use the Jones alnluction splint (Fig. 7) 
is the most easily handletl, being so designctl that the affected joint 
can be retained at any desired angle, even when the patient is moved 
from room to room FLxation is obtained by using strapping extensions 
applied to the leg and thigh, and fixed to the e.xteiision bars at tlie end 
of the frame. Counter-pressure is provided by means of a groin strap 
which takes its purchase from the opposite ischial tubero.sity and is 
attached to a curved bar luted to the frame on ^hat side just above 
the crest of the ilium An ailditional luxation of the sound leg is also 
obtained by strapjiing it to the bar at the end of tlie splint on the same 
side. The extensions are pulled tight and timl to tlie end of the splint, 
and the legs bandaged firmly to (he bar» at the side nne! back, a large 
pad being placed behind each knee-joint to prevent byperextension until 
treatment on the frame is completed. 

During the first few days tlie extensions become loose ns the muscle 
spasm disappears and the leg settles down into position on the spimt. 
Retightening of the strapping, at first daily, and then every 3 or 4 days, 
niamtama the fixation, wWch should be continued until signs of recovery 
are evident (Figs. 39a, 39h and 39c). These favourable signs are 

1. Cessation of afternoon rise of temperature. 

2 Cessation of pain. 

3. No sign of abscess formation or great thickening round the joint 

4. Improvement m general health. 

5. Recalcification of the area of disease, as shown m the beries of 
radiographs. 

The presence of deformity must modify the tyjie of treatment which 
IS employed ; if slight and solely the result of niuscle spasm, use of the 
frame and contmued fixation lead to a rapid correction, but in tlic presence 
of a fibrous ankylosis such attempts at correction will probably be 
unsuccessful Under these circumstances correction of the deformity 
under ansstbesia, followed immediately by fixation on the frame, is 
often successful. This method of correction, although apjiarently open 
to many serious objections, has never in my experience led to untoward 
results or to spread of tuberculous infection. 




(Vmiiifion 
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During the whole of tho tecumheDt treatment the jiaticnt must 
not he removed from the frame, which is so constructed tlmt nursin" 
details and the sldn of the Lack ami groin can be attended to without 
in any way interfering with the efficacy of fixation. The skin over any 
pobt of pre.ssnre is kept healthy and unbroken by gentle rubbing with 
methylated spirit, or washing with soda-free soap, which Ls followed 
after careful drying by tiie application of a thin co.it ing of dusting powder. 
Pn thi-s way the skin is kept dry and bard and sores are prevented. 

Abscesses, which are relatively uncommon in a Lip so e-xiiosed to 
open air and sunlight, arc dealt with as desenbed previously, aspiration 
or incision being used only in tiiose cases where 
the absee.S3 threatens to burst through the skin or 
gives trouble on account of its size and proximity 
to important structures. 

When the so-called convalescent stage has 
arrived and the signs of recoverj' ajipear, ambulatory 
treatment should be employed , occasionally, especi- 
ally m the adult, it may be necessary to make this 
chaDge before recalcification is well advanced, pro- 
tection against neight-bearmg still being necessary. 
Tbis can be accomplished very effectively by the 
application of the Thomas suiglc bip splint, or a 
plaster spica, combined with the use of a pair of 
crutches and a patten imilcr the other boot. Later, 
when recalcification is apparent and the other signs 
are favourable, weiglit-beoring may be permitted, 
even though protection is still neceHsary, in order 
to prevent alteration of the angle of fi-xation of the 
ankylosed joint Proliably the most effiticnt form 
of support at this stage is the long plaster spica 
(Fig 40). It 13 important to realize that this 
Fio. 40— riastprSpicn. method of fixation 13 not part of the treatment of 
tuberculous arthritis but is used simply as protec 
tion of the ankylosed joint against tlie probability of deformity, the 
result of yielding of the fibrous union. The protection must he con- 
tinued so long as it is possible to elicit the protective muscle spasm 
round the hip by a rapid jerk of the leg 

Operative Treatment. If it is obvious that a sound ankylosis 
aanufit. h«. obtainfiL in. sojite of prolonged conservative treatment, fusion 
of tlie femur to the iliuni by operation should be undertaken when 
conditions are suitable. Tlie fusion should not be attempted at too 
early an age ; although successful results of operation are occasionally 
seen in young children, it is advisable to restrict this form of treatment 
to those above the age of 12. The appearance of activity of the disease, 




TUBERCULOSIS OF THE HIF-JOINT 101 

either from the clinical examination, or in the radiograph, should be 
considered as a contra-indication. 

It Is probable that operative fusion of the affected hip is .ad^dsable 
in about 90 per cent, the remainder having developed an .inkjdosis which, 
if not bony, is sound and does not yield when subjected to the strain of 
body wight. At operation an attempt may be n\ade to excise all 
the diseased tissue as a preliminary to union between the affected bones, 
or the area of disease may be by-p-assed, the bones being joinetl at a 
distance from the diseased area. 

The tyjies of operation iKually undertaken are : 

1. Intra -articular arthrodesis. 

2. Extra-articular arthrodesis. 

3. Combined operation using both mcliiotls. 

4. Ischio-fenioral arthrodesis, 

1 . Intra-articular Arthrodesis. In this operation an attempt is 
made to lemovc all the infected tissue, whether this be synovia), peri- 
sjTiovial or bony, the articular cartilage being removed from the aceta- 
bulum and from the head of the femur. It is a comparatively simple 
matter to remove all the (bseased tissue but, if not combined with 
some other procedure, bony union between the femur and ilium rarely 
results. 

The explanation of this failure of uniou is evident ; when the Lead 
of the femur and the acetabulum ore covered by a thick layer of cartilage 
there is a close approximation of the two surfaces, but after removal 
of this cartilage and any infected bone lying at a deeper level, a very 
small head lies loose in a very large acetabular cavity. 

2. Extra-articular Arthrodesis. This method has for its object 
the prowsion of a bony bridge between the ilium and the great trochanter, 
the ts'hole procedure being completed %vithout opening the infected 
joint. A large flap of bone, starting at the crest, is turned do^vn from 
the outer plate of the ihum, its attachment at its lower border being 
unbroken, while the upper end of the flap is implanted into a cavity 
provided in the great trochanter. If only used in patients over 10 or 
12 years of age the results of this operation are excellent ; shock is 
comparatively slight and bony union occura in at least 85 per cent of 
the patients so treated. 

Bony fusion between the great trochanter and ilium can also be 
obtain«l, although not with the same certainty, by the operation of 
Albee, in which bone grafts from the tibia are used to bridge across 
the space between the slotted great trochanter and the side wall of the 
ilium above the acetabulum. 

3. Combined Arthrodesis. This method, wliich is a combination 
of the procedures just described, is undoubtedly the most mechanically 
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cfTicient of all these operative proc«larcs, althou«li when dealing with 
tuberculous arthritis of the hip, the results obtained by the extra-articular 
niethoil alone are so g(jo<l that it is usually inadvisable to subject the 
patient to the greater shock of the combined operation. In carrying out 
the 02>eration the dibeasetl area is widely exposed, and all the infected 
soft tissues removed. The adjacent surfaces of the femur and aceta- 
bulum are now cleared of disease and placed ih apposition, a large flap 
of the outer plate, or the whole of the ilmm at least 2 inches in breadth, 
is now turned down, leaving the lower portion in situ and unbroken 
(Figs. 41n and 4lh) The iliac flap is now carefully bent into a hoop 



so that its original upper Ixmlcr may be implanted into a cavity which 
IS prepared for it in tlie great trochanter. The cavity on the femur is 
most suitably made liy a straight chisel which forces out the outer layer 
of the great trochanter, thus leaving a wcilge shaped cavity in which the 
ibac flap IS easily retained The muscle,s and soft tissues oie now sewn 
into position and a long plaster spica is applied from the lower ribs to the 
foot in onler that there may be complete fixation of tbe joint The 
plaster fixation is usually necessary for C months, and should only lie 
removed when the radiographs show sound bon)’ union (Fig 42). 
Occasionally after tbe operation one or more small sinuses develop in the 
Ime of the skin incision, but fortunately these do not remain open for 
long and seldom giv’e rise to any trouble. 

Wien walking is pennitted, the use of a plaster-of-Pans cast or leather 
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liip sliield for 6 months is of considerable value in giving the patient 
confidence and protecting the joint against the strain to which it is 
subjected in walicing. 



1 of Hip after corn>rti\e ll^teotomy 


4. Ischlo-femoral Arthrodesis. A method of fusing the shaft of 
tlie femur to the ischium ha.s recently lieen described by Brittain, and 
seems to ofier certain advantages over the otlier metho<ls of extra- 
articular fusion. In this 0 {>cr.ttion the shaft of the femur is divide<l 
obliquely, npwarcls and inwards at such a level that the upper sharp 
end of tlie shaft of the femur lies about the middle of the ischium. 
Through the line of femoral ilnision the mtcotome continues inwards 
until it pierces the ischium, the cavity in this Ijonc is then enlarged by 
rotation of live chisel and the upper aliarp cml of the femur inserted 
into tlic space provided. Union between the femur and tlie ischium is 
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stimulated by the use of a tibial bone graft which is slid along the oblique 
upper surface of the lower segment of the femur imtil it enters into the 
ca\ity in the ischium. The shock in such on operation is undouhteilly 
greater than that experienced with the other methods, but if union 
i.s obtained, pressure on the diseased joint is entirely eliminated and 
bealing occurs rapidly. 

Transtrochanteric Osteotomy is a simple operative measure by 
which the alignment of the hip-joint can be altered (Figs. 43 a and b), 
when this i.s desired following ankylosis of the joint in a bad position. 
As a rule, the deformity is a combination of flexion and adduction with 
some internal rotation and this position may follow on conservative or 
operative treatment provided the period of &cation has been insufficient. 

Operation. Tlirough a small incision ox'cr the great trochanter an 
osteotome is used to diride the bone in a line do\vnwards and inwards 
towards the base of the neck. This line of division should he roughly 
parallel with Poupart’s ligament, and shmiltl e.xtend completely tlirough 
the hone ; this incision in the bone must be close to the base of the 
neck, as a low or subtrochanteric osteotomy leaves the upper fragment 
of the femur pointing forwards, srith the danger of puncturing the over- 
lying vessels and skin. 

Following the osteotomy the patient is placed on on abduction frame 
(Fig. 7), on which complete correction of the deformity can be obtained 
in the course of 2-3 weeks. The use of the frame has very great advan- 
tages over plaster-of-Paris fixation, as complete correction of the deforimty 
is impossible at the time of o^ieratioD. The soft tissues round the joint 
are contracted and )-ield only to continuous pre.ssure, which causes a 
slow and gradual correction. 

RTien union of the osteotomy is .sound, walking may be permitted 
in a plaster case, which must be retained for 4-6 months, and this method 
of fixation may, if necessary, be continued for another G months by 
means of a leather hip shield until there is no sign of muscle spasm and 
until the radiographs show solid bony union at the site of osteotomy. 
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TUBERCULOSIS OF THE KNEE. ANKLE .IND TARSUS 
KNEE-JOINT 

In tlie knee tbe primary deposit of tubercle bacilli occurs more fre- 
quently in the 8yno^^al membrane thau in any other of the large joints 
of the body. It is comparatively common to find an apparently simple 
chronic synovitis of the knee, proved by biopsy to be due to tuhertulous 
infection of the syno^nal lining, while at the same time the underljing 
bone is to all appearances healthy. Occasional!}' this localization of the 
infection may persist to the termination of the clise-ise, but, as a rule, 
the infection spreads and a true tuberculous artliritis develops mtli 


destruction of the articular surfaces 



(Fig. 44) Primary bone infection 
also occurs, the femur or the 
tibia being tlie usual sites, 
although a localized tuber- 
culous infection of the patella 
docs occur on rare occasions 
As soon as tbe tuberculous 
infection enters the joint cavity 
It spreods rapidly over the 
8yno\ial membrane, and over 
the articular cartilage, on both 
of which it forms a layer of 
granulation tissue. The hone 
behind the articular cartilage 
also becomes involved, and the 
cartilage which, in itself, is 
highly resistant to the spread 
of the disease, becomes sepa- 
roted from the underlying 
bone and cut off from its nor- 
mal blood supply in localizcil 
areas. Tlie whole of the joint 
and the supra-patellar pouch 
become involved, synovial 
fibrosis leading to dis.ippear- 
ance of the joint cavity, while 
the infiltration and thickening 
of the synovi.'il membrane and 
pensynosial tissues produce an 
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apparently excessive distension of the joint. This infiltration of the 
tissues round the joint causes a peculiar and characteristic pulpy feeling, 
which can be readily appreciated, and is of considerable value m dis- 
tinguishing between tuberculous and all other varieties of joint infection. 

SvjiPTOiis AND Signs 

When the infection reaches the joint, the muscles of the thigh and 
leg undergo a rapid and extensive atrophy, whicli is so extreme that it 
cannot be explained as being the result of simple disuse alone. At first, ' 
the infected joint is dilated with almost clear sjTionol effu.sion, but, as 
the surface of the synovial membrane become.s ulcerated, the character 
of the contents alters, becoming semi-solid and extremely difficult to 
aspirate. Peri-articular infiltration of the tissues appears rapidly, and 
aigits of abscess formation, as indicated by localized softening, may appear 
at any stage. Because of the intense inflammation the ligaments become 
softened, and unless adequate protection is given the knee l>ecomcs 
flexed, and the tibia slowly subluxates baclavards on the femur, until 
eventually only the antenot margin of the upper articular surface of 
the tibia may be m contact with the lower end of the femur. 

Pain is very rarely a prominent feature of the disease, occurring 
usually in spa-sms originated by unguanled movements of the roughened 
joint surfaces. As most of the growth in length of the lower limb occurs 
round the knee, the presence of inflammation in this area must cause 
considerable retardation in growth or may even lead to overgroivtli. If 
there has been no true bone destruction but simply n condition of mflam- 
mation, extending over a long period, overgrowtii of the femur or t\ie 
tibia is a comparatively common sequela. If the epipliyseal plates of 
the tibia or the femur have been destroyed the interference of groirth 
may lead to an obvious shortening of the limb, wlule deformity — such 
as knock-knee or liow-lcg — may readily follow on a localized destruction. 

Differentiai. Diagnosis 

Chronic Synovitis. This condition is differentiated with the very 
greatest difficulty— in both conditions there is often a history of accident. 

In both there is the long-continueil swelling of the joint, while pain is 
.seldom present to a noticeable degree, a feeling of di«conifort bemg 
complained of more frequently than actual pain. The reaction of the 
affected joint to prolonged rest frequently helps in distinguishing the 
two condition.s. With chronic sjTiovitis the swelling usually disappears 
rapidly, while the thickening of a tuberculous affection diminishes 
slowly or not at all. Although the clinical signs may suggest one or 
other condition ns being present, confirmation of the diagnosis can only 
be assured by biopsy. 
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Syphilitic Synovitis. Althongb typicfil sypiiihtic 83 ^io\itIs is 
bilateral, the swelling may start in one knee and remain unilateral for a 
period up to 6 months. The synovitis always becomes bilateral eventu- 
.ally, .and the presence of a positive AVassernmnn reaction, the freedom 
of movement in the joint, the absence of all traces of pain or discomfort 
in the swollen joint, ^and of tbe pulpy tluckening of the synovial mem- 
brane, are usually sufTicient to confira tbe diagnosis. 

Hcemophilia. Swelling of tbe joint caused by Jijcm.srtbrosis can 
I u-sually be dilTerentiatcd by the history of previous bfcmonbagcs, by the 
thickening of the joint, which is hard rather than doughy, by the history 
of a sudden complete sweUing following some slight accident, and in the 
old cases by the radiographic aj)pearance of small punched-ont areas on 
the articular surfaces of the affected joint. 

Prognosis 

Without adequate and continued treatment a knee-joint which has 
been affected by tuberculous arthritis develops a fibrous ankylosis at 
or near a right angle, frequently accompanied hy smuses wliich may 
persist for years. With efficient treatment the outlook in children is 
good, as tbe infection usually terminates as a sound fibrous ankylosis 
%vitli tbe joint in extension, or occasionally with a fair range of movement. 
In the adult the response to conserv'ative treatment is never so rapid 
or so satisfactory, imsoimd ankylosis being the asiial result of this line 
of treatment. 

C0.*?.««ERVATIVE TREATSIENT 

Local. The object of local treatment is the eliramahon of inflam- 
mation by rest of the affected tissues : tbe fixation must be complete 
and continuous and can be efficiently provided by means of splints or 
plaster case. If the diseased joint can be immobilizwl efficiently .mcl, 
at the same time, left uncovered for inspection and for sunlight treat- 
ment, the course of the disease can be studied and regulated. If treat- 
ment is begun in the early stages of the disease, before the .appearance 
of deformity, the joint can be adequately and efficiently controlled by 
means of the Thomas bed knee qtlint {Fig. 1) In this the joint is left 
imcompresscd but completely immobilized, the patient remaining in bed 
so long as there are any signs of activity of tbe disen.sp (Figs I5a 
and 45i). 

With Deformity. When the joint is akeady m deformity tlie 
treatment to be adopted depends on the degree of tbe deformity present 
and tbe type of ankylosis between tbe femur and the tibia, ^\^len this 
imion IS unsound the deformity may be corrected, either rapidly under 
ana-sthesia or preferably by a slow gradual .stretclung. The simplest 
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surface of the Tibia. 

method is by the use of the double-endetl Thomns sjilint (Fig. 2). in 
tt'hich pressure ts applied at right angle.s Iwhind the liead of the tibia, 
whilst extension is applied to the leg at an angle slightly less than that 
of the angle of dcformitj'. If the head of the tibia is already subluxated 
correction of tins deformity is usually complete before tlie limb is fully 
straigbteued. If the correction is carried out slowly, without the applica- 
tion of undue force, there is no fear of spread of the infection to other 
tissues. 

Abscesses. The development of abscesses in connection with a 
tubercolous arthritis of the knee is more characteristic of the disease in 
cliildren than in adults. Their presence indicates a low grade of resist- 
ance to the infection, and should be taken as a sign of the necessity for 
prolonged treatment in recumliency- Aspiration is usually successful, 
but occasionally, on account of the solidity of the absce-ss contents, 
nothing can be \vitbdrawn through the needle ; ne^-ertheless, every effort 
should be made to avoid incision when possible. 
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Convalescent Treatment 

^\ben tlic clinical pigns indicate the cessation of actmty of the 
disease witli a nonnni temperature, absence of pain, and the radio- 
graptnc appearances of recalcification (Rg. 4G), recumbency may be 
changed witli advantage to ambulatory treatment. This alteration is 


simple, the Thomas bed knee eplmt being replaced by a calijier sjilmt, 
with preferably a cloth boot so that fixation of the joint can be con- 
tinued by day and night 

If the cahper splint is made rather too long, little weight is borne 
through the leg itself, but, as the condition of the knee-joint improves, 
more weight may be carried throngh the leg mtli safety and without 
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injur}’ to the affected joint. This can be arranged ca.sily by shortening 
the caliper, or by refraining from lengthening it as the patient g^o^^•s. 
The caliper must be worn continuously day and night for a period of 
at least one year, the Iioot being removed each day in order that the 
heel may be rubbed with methylated spirit and powder. If, however, 
the patient complains of discomfort in bed owing to the pressure of the 
ring, the caliper may be replaced at night by a long back splint, the 
removal of one splint and the application of 
the other being carried out without moving the 
joint. After a period of 18 months it is usually 
safe to remove all splintage at night, but if 
during the night the joint show-s a tendency 
to flexion, complete fixation must be con- 
tinued for another 6 or 12 months, when 
another attempt may be made to allow free- 
dom from fixation in bwl. 

If recaleification and sclerosis of the affec- 
ted hone is shown by the radiograph, free- 
dom maybe allowed for gradually lengthening 
periods each day. The joint at this stage is 
usually ankylosed by fibrous tissue, although 
occasionally a fair range of painless movement 
is present. Further treatment depends on the 
progress of the disease ; if the anky'losis is 
unsound and yields to weigbt-bcanng, further 
support is necessary (Fig. 47), or the fusion 
should be made sound by performing an arthro- 
desis of the joint. 

Operations on Tuberculous Arthritis of 
the Knee 

In children all extensive operations, such 
as excision or arthrodesis, are definitely contra- 
indicated on account of tlie probability' of 
injury to the epiphyses of the femur and tibia. Very occasionally a 
loose piece of necrotic bone may be remo^'ed, but it is preferable to 
avoid operative interference m young patients. 

In the Adult. AVith the adult the problem i.s different. Tlie patients 
do not react so favouraldy to conservative measures ; time is of much 
greater importance, and the possibility of injury to the growing end of 
the bones has disappeared. It is, therefore, in most cases advisable 
that the operation of arthrodesis should bo performed at the earhest 
date when recalcification has become ciddent. The only question of 
debate is the age at which it is justifiable to perform the operation. 
After the age of 17 the further growth of the limb is comparatively 
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slight and deformity does rot then develop through epiphyseal injury, 
and although successful operations ate occasionallj* performed at an 
earlier age this should he considered as the minimum. 

Arthrodesis. Through a U-shaped skin incision vrith its base 
upwards, the L'gamentuin patellae and quadriceps expansion are divided 
down to the thickened synovial hning. The ligament and expansion arc 
reflected upwards with the elan flap before the sjTiovial lining is openetl. 
When the attachment of the ligament to the lower border of the patella 
is defined this bone should be divided by a saw or chisel on the hori- 
zontal ^plane, the ]JOSteriQr half temaining attached to the unopened 
synovial sac. Tlie dissection of the quadriceps and superficial portion 
of the patella is continued until the upper edge of the supra-patellac 
pouch is defined. The pouch, post-patclIar pad and the whole of the 
anterior portion of the synovia can now be removed in one piece irithout 
danger of spreading the infected tissue. .,\fter dividing the crucial 
ligaments, aud removing the semi-lunar cartilages, the posterior portion 
of the synorial membrane can be removed by dissection, or, if this is 
impossible, by scraping the ulcerated surface. The articular cartilage 
is now removed with part of the underlying bone from the femur and 
tibia, 80 that the normal shape of the bone ends is more or less preserved, 
and the appearance of the joint following the operation is very slightly 
altered. Any deep areas of tuberculous infection in the bones are 
cleaned out inth a gouge, and the three raw bony surfaces of the femur, 
tibia and patella can now be placed in apposition. If it were certain 
that bony ankylosis would occur rapidly it would be preferable to place 
the joint following operation at an angle of 10 degrees flexion, but on 
account of the possibility of subsequent union being delayed it b better 
to immobilize the joint in the straight pasition. After three weeks a 
caliper splint is applied, and the patient is permitted to walk about and 
stimulate union between the roughened bones. The application of a 
cloth boot, which must be worn day and n^ht, b essential, because by 
this means fixation of the leg in the caliper is continuous until bony 
union has been secured (Figs. 48a and 486), when the splint may be 
dbcarded. 

Amputation. Occasionally, in the pre.sence of a severe mixed 
infection, and especially m elderly patients whose resistance is poor, 
conser\'ative operations hold out little bope of success, and amputation 
may be the only means of sa>ing life. The operation should not be 
postponed indefinitely, but should be performed as soon as the chnical 
signs indicate that general resistance is dimmishing 
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TVBEROULOVS DISEASE OF THE ANKLE AND TARSUS 

The Ankle-joint 

The primary infection in tuberculous di*^ASe of the ankle-joint may 
occur in bone or m sjoiovial membrane. In tlie latter case tlie dis- 
ability is usually attributed to a sprain, followup winch the joint has 
gradually become swollen and tluckcne<l, while the foot has denated 



:o a position of deformity. As a rule proprcsa of the diseii^sc is slow, 
but if untreatetl the 8^^elIlng mcreases with the formation of abscesses, 
ivhicli point in tiie region of the maUeoIeJ 

WTien the primary deposit has occurred m bone it can usually be 
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seen on the clorsnm of the nech of the astragalus between the two articular 
surfaces (Fig. 49). As soon a.s the ankle-joint it.self is affected move- 
ment is lost, althotigh this very important sign of rigidity may be difficult 
to demonstrate on account of the freedom of movement in the sub- and 
pre-astragaloid regions. 

Signs 

Thickening and swelbng are present round the joint, appearing chiefly 
on both sides of the tendon achilles and in front of the malleolus. As 
in all other tuberculous joint affections pain is rarely present and is 
only elicited by a sudden unexpected strain of the joint, “When the 
disease is confined to the ankle-joint the foot is usually fixed in slight 
equinus mth eversion, which is especially apparent if walking has been 
permitted. 

The Tarsus 

Tuberculous disease of the tarsus at first affects only one aspect of 
the foot, and the clinical appearance varies with the site of the disease. 
If the inner border is affect^, the foot tends to become everted, abducted 
and somewhat plantar flexed, while disease of the outer tarsus is followed 
by eversion to a lesser degree. In addition to this deformity of the foot 
disease of the tarsus produces a clinical picture very similar to that of 



Fin. 50. — Tubcrciilmis tlmosM of the Scaphoid and Internal Cuneiform. 


disease of the ankle-joint itself. Tliickeiung and swelling gradually 
appear over the affected area, the radiograph at first showing an exten- 
sive decalcifieation and later true bone destruction (Fig. 50), the scaplioid 
and cuboid being commonly involved. Abscess formation is common 
and unless the area is jirotected efficiently multiple siniLses are to he 
expected. 
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Diagnosis 

Little difficulty is experienced in tiie diagnosis of an advanced case. 
All the characteristic signs and s 3 nnptoms of painless 8%velling and 
thickening A\ith hone destruction are present, and the aspiration of a 
quiet abscess or the removal of typical tuberculous material confirms 
the (liagno.sis. However, there is often considerable difficulty in deciding 
the nature of an early case, in which there is a painless enlargement of 
the mner or outer side of the tarsus, svithout any radiographic changes 
In such cases one chnical sign is often of considerable help in making 
the diagnosis. If the swelling « free from tenderness on pressure the 
possibility of the condition being tuberculous in origin is definitely 
strengthened. 


T'heatment 

Tuberculous disease of the ankle-joint or of the tarsus necessitates 
prolonged fixation of the foot at the optimum position of right angles. 
Fixation of the foot in a splint (Fig. 51) is preferable to its enclosure 
in plaster of Pans. Tiie use of plaster is based on the more complete 
immobilization in the aiToctc<l area, but id spite 
of its excellent mechanical fixation serioos com- 
plications are frequently seen foUowiog its use. 

The fixation of an infected ankle in a plaster 
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case is frequently followed bythe formation of abscesses and the opening 
up of .sinuses, even whilst the foot is completely iiimiobihzed and t.innot 
be inspected. TIic complications occur wrj' rarely following the use of 
an efficient splmt, m which the affected area can be o.'tposed to the air 
and sunshine. 

Its advantages are olmons when sinuses are present, ns the tlrcwings 
may he easily changed without removal of the 8j)lint, anti w itliout allow- 
ing movement at the affected joint. If deformity is already jire.sent, 
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correcUon. by gradual alteration of the angle of tbe splint presents little 
difficulty. No defmite time limit can be given as to the period of fixation 
necessary, but, ps a rule, after 18 months rccalcification appears (Fig. 52), 
and walking with protection may then be permitted. 



Tio. 62 . — ^End rwnlt of in-otment by and imimobilBUion. 

Operations for Tuberculous Arthritis of the Ankle 

In children operation of any type is usually inadvisable, but occa- 
sionally wliere the disease has been neglected and sinuses are inde- 
spread bringing the risk of mixed infection and amyloid changes, an 
amputation may l>e a life-saving measure. 

In the adult exci.sion of the disease is occasionally adidsable, but only 
when caiTierl out under favourable conditions which include the presence 
of recalcification in the d^ased area and the absence of the evening 
rise of temperature. The operation involves widespread opening up of 
the area and removal of all infected tissue, clearing out the articular 
surfaces of the tibia, astragalus and fibula, followed by fixation until 
bony union is sound. Walking may then be permitted with the use 
of an outside iron as advised after conservative treatment. 

As the disease so often starts in the astragalus the removal of this 
bone is often undertaken in an effort to remove the seat of infection, 
but tbe result of the operation is usually unsatisfactory as wdespiead 
infection is often present from an early stage. 
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Amputation h only perfonned in children ns a life-saving procedure, 
and vritli efficient conservative treatment is only necessary wlien the 
disease is accompanied by extensive tubcrculoas infectjon of lungs or 
kidneys. In elderly patients, liowever, where tlie «lisease is progressing 
in spite of efficient conservative treatment, amputation is the only 
possible forni of treatment and shonid be undertaken without delay. 



CHAPTER IX 


TUBERCULOSIS OF THE SPINE AND SACRO-ILIAC JOINT 
THE SPIHE 
Pott’s Disease 

In Uis orijiinal paper Pott described a condition of a paraplegia 
associated nith deformity of the spine. It has long been recognized 
that the angidar deformity, which i.s the characteristic clinical sign of 
the disease, is the result of the destruction of the bodies of one or more 
vertebrjB, whicli have become affected by tuberculous disease. Owing 
to this destruction of bone on the anterior portion of the column, the 
spine above the site of the disease falls forward, leaving the spinous 
processes in the diseased area to form a prominent knuckle. Almost 
45 per cent of all tuberculous bone and joint affections occur in the 
apinc, this area being by far the commonest single site of the disease. 
The lower dorsal and upper lumbar areas arc more frequently involved 
than any other region, the probable e.vpknation being that in this area 
the mobile lumbar spine joins the mote rigid dorsal section, strain and 
trauma there having their greatest effect. 

In the figurc-s obtained from the Royal Liverpool Ciiildren’s Hospital 
the disease was found to occur at the different levels in the foIloMung 


proportions : 

Dorso-Inmbar region ... 4G per cent 

Lumbar region . . . 22 „ „ 

Dorsal region . . . 13 „ 

Cenneal region . ‘ . . . 10 „ „ 

Luinbo-sacral and sacto iliac region . . 9 „ „ 


In children the primary deposit of tuberculous infection usually 
occurs on the upper or lower surface of tlie body of the vertebra under 
the epiphyseal plate. From tlm site the infection spreads into the 
neiglihouring intervertebral plate, which is rapidly destroyed with a 
consciiuent loss of joint space and involvement of the adjacent verteliral 
bodies. In the older child and in the adult the original infection occurs 
more commonly in the anterior aspect of the vertebral body, producing 
first a collap.se of the involved vertebra, and later a destruction of the 
intervertebral discs and infection of the neighbouring vertebrse. On 
rare occasions the disease may extend up and down the anterior aspect 
of the vertebral bodies ns a tuboonlous periostitis causing little bone 
destruction, but, as a rule, the area of infection gradually increases, the 
cancellous bone is replaced wholly or partly' by granulation tissue, and 
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the strength of the vertebMl body being lost its collapse becomes 
inevitable. Esceptionnlly the disease may remain confined to one 
vertebral body as a localizwl focus, round which there is a certain 
amount of sclerosis, but, as a rule, it extends to the neighbouring bodies 
and mny ultimately involve as many as G or 7 vertebra;— a condition 
which mcidtably leads to considerable diminution of the length of the 
spine and to excessive deformity (Fig. 53). Very occasionally the 
laminm or spinous processes, or the intervertebral joints, may become 
involved by the disease, while the bodies of 
the vertebire remain unaffected, but such 
conditions cannot be classified as true Pott’s 
disease, and do not lead to the chain of 
signs and symptoms which usually follow on 
the destruction of the body of tiie vertebra 
As in every other pathological condition, 
the disease may be arrested at any stage ; 
early cessation may be due to efficient and 
early treatment, to a comparatively mild 
tj^ie of mfection, or to on abnormal power 
of resistance on the ]>art of the patient 
Thus the dise.ase may become encapsulated 
by a thick wall of fibrous tissue svifhout 
producing an e.xtensive bone destruction. 
If only one vertebral body is destroyed the 
subsequent collajise results in the approxi- 
mation of the anterior border of the bodies 
of the vertebno above and below, but if 
several bodies take part in the destructive 
process, the coUapse is so extreme that the 
anterior surface of the healthy body above 
the disease lies in contact with the upper 
Fro .w.— Advanced tubvrculoua surface of the tuberculous mass or of the 
disease of the Dorsal 8pme. healthy vertebral body below. Repair is 
usually accomplished by an ankylosis which 
IS partly fibrous, partly cartilaginous and partly bony, and tins is 
often reinforced by calcification of the thickencil tissues round the 
site of disease. When the disease is of long standing a fibrous and bony 
anl^losis usually develops between the lanunx, pedicles and articular 
processes, and by this fusion of the vertebral processes (he weakened 
spine IS efficiently supported, thus preventing further deformity. 

PitOGKOSlS 



Of all the forms of tuberculous arthritis that which involves the 
ne is undoubtedly the most serious on account of the importance of 



POTT’S DISEASE 


121 


the Btnictures involred and of the organs which he in close contact 
with the site of disease. The pn^osis varies also with the degree of 
deformity. In the typical *' Hump-back ” the thoracic and abdpminal 
contents are compressed, the blood vessels arc distorted, respiration is 
rendered more difficult and less extensive, circulation is mterfered with 
to such a degree that a secondai}’ cardiac hypertrophy develops, leading 
to the possibility of a fatal result of any intercuirent disease. It is, 
therefore, impossible to do mote than make a rough guess of the per- 
centage of fatal results wliich are caused directly or indirectly by Pott’s 
disease, although statistics show that 6 per cent of the patients die 
during the course of treatment of the disease in its active stage. 

Symptoms and Signs 

Occasionally while the tuberculous focus is localized to the body of 
one vertebra, the patient complains of an aching pain at the site of 
the lesion, but. as a rule, severe pain is uncommon at any stage of the 
disease. Even before the appearance of deformity it is noticed that 
the patient walks with a peculiar, tender, stooping gait, ns if the 
floor was covered with fragile articles which might easily be broken,. 
Associated with this there is the constant complaint of tiredness, and 
Qsnally the statement that ruling in a tiao\ or bus causes acute dis- 
comfort. 

If the patient b examined at this stage it will be found that although 
no deformity is present, movement of the spine is lost over the region 
of the disease and for some distance above and below this point. 
Usually, however, when the child is brought for examination deformity 
has already appeared as a more or less sharp antero-posterior knuckle. 
Accompanying the deformity an abscess may be discovered m the 
pelvis, back or chest-wall, with frequently a contraction of one or both 
psoas muscles, preventing full extension at the hip-jornt. 

Pain and Tenderness. If pain is present in Pott's disease it is 
not generally localized to the area of bone destruction, but is referred 
to the termination of the ner^’e3 which send small filaments of supply 
to the affected vertebral bodies. Thus, such referred pain may suggest 
appendicitis or sciatica, but the differential diagnosis should alwaj’S be 
easy if the exaininatiao of the patient is complete.. There is., a.a a rule, 
no tenderness on pressure or percus-sion over the spinous processes of 
the affected vertebrie, hut the methods of examination by percussion 
over these prominent spinous processes, or by percussion on the bead, 
in an effort to produce referr^ pain at the site of disease, cannot be 
condemned too strongly. If tbe» methods are carried out sufficiently 
firmly to produce pain they will certainly lead to injurj’ at the site of 
disease. 
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Complications 

Abscess Formation. The presence of an abscess as a complication 
is the almost invariable rule in Pott’s disease. The abscess may remain 
small and localized to the area of disease, the vnll in such cases hecomiiig 
sclerosed, thickened, and m many instances calcified, being usually 
recognized in the radiograph ns a skulow- surrounding the area of 
disease (Fig. 51) The abscess may, hoirever, increase rapidly in size 
and extend in various chrcctions, according to the level of its site of 
origin. 

Tlic nbscpss-srall is formed of dense fibrous tissue, lined by a pinkish 
layer of granulation tissirc. Its contents are usually semi-solid and are 
coinjiosed of brolcen-dowii tissue cells, semm, leucocytes and masses of 
caseous raatenal, with occasionally a small flake of necrotic hone. Tlie 
abscess may cause considerable interference with the functions of neigh- 
bouring organs, especially when it i« of large size, or it may occasionally 
become uifectcd with other oi^taiusms from the sbn, bowel, lungs, etc., 
the occurrence of this secondary infection being heralded by a coii- 
aiderable rise of temperature, increase of pam, and redness if the abscess 
approaches the surface. 

The abscess may remain localized to the area of disease or may 
extend svidely and appear at a considerable distance from (he original 
focus. The point of appearance in any are.a is determined by the 
presence of fascial attachments, blood vessels, muselef., etc., which 
govern its line of spread Thus, with disease in the cervical region, 
tlie abscess may project forward behind the prcs'crtebral fascia, appearing 
in the mouth as a retro-iihatyngcal abscTSs, or it may extend laterally 
and point behind one or other stcrno-mastoid muscle. If it jiierces the 
prevertebral fascia it may appear in the mouth, or in the side of the 
neclc in front of the ste’rno-inastoul muscle. Occasionally it sj>rcu(l.s 
round the sides of the vertebral bodies and appears close to the spines 
of the cervical vertebra?. 

With disease of tlie tlioraric region the abscess may remain localized 
on the front of the vertebna in the .area of disease. It mayjierforate the 
anterior longitudinal ligament and occupy the posterior mediastmimi, 
occasionally causing considerable interference inth respiration or swal 
lowin". Ar with tbaease of the cervical epiiic, it may extend backwards 
round tiie sides of tlie vertebra?, and appear on tlic dorsum, or it ni.iy 
extend laterally accompanying the intercostal iTs.sels and nerves, apx«;.ir- 
mg on the surface in the iniif-axillary I'liie or af the I’ar'erai’ margin oi** 
the sternum. 

With dbease of the luiiilwr spine the aliscess frccpiently entens the 
sheath of the jisoas muscle, tracking downwanls until it appears below 
Poupart’s ligament on one or other sides of the femora! vessels, while 
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occasionally it joins the femoral vessels in their sheath and may point 
at the inner side of the thi«jh, or m the^popllteal space. It sometimes 
spreads under the sheath of tte itlacus muscle and may appe.ir on the 
surface close to the anterior superior spine of the ilium. As in the case 
of the disease in the cervical aiwl dorsal regions, abscessc.s in this region 
may tract hactTvanls and appear on the dorsum, usually to the outer 
side of the erector spinre muscle, or they may sprcafl vth the vessels 
and appear below the last rib on the surface of the abdominal wall 
above the crest of the ilium. 

Paraplegia. Tliis serious, but fortunately comparatively rare, 
complication may appear at any stage of the disease, and is usually 
an indication of inefficient treatment, either in the early active stage, 
or, more frequently, in the convalescent stage when efficient treatment 
is equally necessary. It is, as a rule, a late complication, but may be 
present even before tlic appearance of deformity, in such circumstances 
generally resulting from the presence of the pnmar)' focus on the 
posterior surface of tlie vertebral body. As a rule, its onset is com- 
paratively slow ; the patient Tvalks with a „ jerl-y Bp^sm odic y\\\t and 
is rather un'^tpady. This loss of muscular co-orilmation gradually 
increases and walking becomes w'orse ; examination at this stage shows 
considerable jncreasejn the knee jerks and■ t^^ presen ce of anklg rlrtmia 
Usually both lower^imhs are equally affected, but occasionally the 
paraplegia is irregular and one side may be involved to n greater extent 
than the other. As a rule, seusation rem-sins normal, although, in 
extreme cases at a late stage all feeling may be lost below the level of 
the lesion. Control of bladder and bowel is, as a rule, maintained 
tlirough the whole course of the paraplegia, but occasionally control is 
l(»t and incontinence appears. j\s the bladder fills, the reflc,v centre 
is stimidated and the uruie Is evacuated. Control of the sphincter am 
is, however, often luaintaine*!, even m the absence of control of the 
bladder. 

Liability to Puraplegla. The lumen of the spuial canal varies very 
considerably at the different levels, thus it is nide-st in the cervical nn<l 
lumbar regions, which are the areas of the spine where there is the 
greatest mobility, whilst it is distinctly smaller in the mid- and lower 
dorsal area, in which the movementa of the spine are comparatively 
slight. 

From the records of a large nnmlier of patients suffering from para- 
jilegia it is found that in CO per cent the condition is associated iritli 
disease of the 6tli-10th dorsal vertebral. _ Tliis area has, in fact, been 
described as the paraplegic area of the spine on account of the relative 
frequency of the occurrence of this serious complication. In the other 
40 per cent the disease was present in the upper dorsal and cervical 
region 22 per cent, and in the lumbar region 18 per cent, so that the 
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size of the lumen of the spinal canal bears a very distinct relation to 
the occurrence of the paraplepa. 

Cause of Parapkgia. Examination of a series of post-mortem speci- 
mens of patients who suffered from paraplegia demonstrates quite clearly 
that the condition is almost invariably caused by pressure on the cord 
of a tuberculous abscess, or mass of granulation tissue, which has extended 
into the canal from the site of the disease. This mass remains almost 
invariably extradural, the thickening and inflammation of the dura 
mater and nieningcs, which are usually present at the site of pressure, 
being caused by the surrounding inflammatory reaction and not by a 
spread of tuberculous infection. Very occasionally the dura mater, the 
meninges and the cord itself have been shown to be infected by the 
spread of the disease and exhibit definite tuberculous infiltration, and 
even abscess formation. It may be stated as a general rule that para- 
plegia is never caused by the pressure of the bony angle formed in the 
spinal canal hy the collapse of the vertebral bodies and the falling 
forward of the spine above the disease (Fig. 55), There is always 
sufficient room for the cord, even in the deformed canal, although very 
occasionally a definite necrotic bony mass may be pushed backwards 
from the diseased vertebral bodies, and may be the direct cause of the 
paraplegia. 

Prognosis. In the absence of efficient treatment the prognosis is 
distinctly grave, but if suitable treatment is adopted at an early stage 
the prognosis is goo<l, especially in children. The possibility of recovery 
depends largely on the period during which the paraplegia has been 
present. Tims, m 15 cases in which treatment started unthin 2 months 
of onset of paraplegia, complete recovciy occurred in 11, and partial 
recovery in 1, while in 9 cases where the paraplegia had been present 
for more than 12 months the result was a partial recovery in 5 cases 
only. 

Truatmkkt of Pott’s Disease 

iVs until ever)' other type of tubcrculoiK arthritis the essential factor 
in treatment is complete resf of the affcctetl joints, combined with all 
other methods of iniproinng the general health, such ns suitable nourish- 
ing diet, open air, etc., which act iodirectly on the disease by improinng 
the paUent’ft general resistance. Effective immobilitalion can be secured 
by using one of the many tirpes of frame in common u.se, or by the 
■ plaster shell, which is composed of two separate sections, one on the 
anterior and one on the posterior aspect of the body, on which they 
have been closely monld^. By the use of one or other section the 
patient can be treated lying on the back or on the abdomen. 

Adequate fixation is given by the use of a frame (Fig. 6) on which 
the patient lies recumbent with the legs bandaged firmly to prevent 




POTT’S DISEASE 


127 


movement of the spine, and mtli the amu? free. The side bars of the 
frame prevent lateral movements, and if necessary the head can he 
strapped to the headpiece, thus prodding a more efficient rest to the 
affecte<l area. This extra fixation of the head is usually necessary when 
the disease involves the cervical, upper or mid-dorsal regions. lYhen 
the head Ls left free the child usually twists and turns so freely that the 
diseased area never obtains the necessary rest. 

Attention to tlie skin of the back and prevention of pressure sores 
is possible wthout removing the ))atient from the frame, and with the 
minimum amount of movement at the diseased area of the spine. The 
skin is protected bj’ gentle rubbing of tlie areas of pressure with a cloth 
impregnated with methylated spi rit, w hich prev ents softening and 
.daorputsairf tlie t(ic excess ol spmt is removed by another cloth 

anti the area is then dusteil lightly mth powder. If this regime is 
Carried out conscientiously and carefully, at first three times daily, and 
later at least once per day. there is no fear of pressure sores, nor is there 
any necessity of interrupting the course of treatment by rcmo\'ing the 
patient from the frame. Attention must be paid to the feet, which may 
become defomied owng to contraction of the calf muscles ; this com- 
plication, which is much mote liable to occur m adult patients, la very 
seldom seen in children. It may be prevented by gentle daily stretching 
of the calf muscles, the leg being held firmly while the foot is fully 
dorsiflexed, and by encouraging the patient to move the foot fully in 
all directions. Tlus simple procedure, if earned out ever>' day, will 
prevent the contraction, and is preferable to the application of rigid 
foot*re.sta, against which the patient can lever his body, and so cause 
movement of the diseased area. 

Period ol Fixation. In children uninterrupted recumbency should 
usually be continued for 18 months to 3 years, but removal from the 
frame even then .should be contingent on improvement m the condition 
of the dbeaseti vertebra?. In the acute stage, when tiie disease is pro- 
gressing, the radiograph shows the affected vertebra? to be decalcified 
with no litmting area of bone sclerosis (Figs. oG a-d). As a result of 
immobilization the inflammatory process diminishes, the decalcification 
becomes less, and gradually rccaicification appears with an eventual 
ring of sclerosis around the affected bones. Cessation of the recumbenc}' 
should depend upon the absence of pain, the presence of a normal tem- 
perature, of normal tendon reflexes and the appearance of recalcification 
and sclerosis at the site .of disease, however long the period of waiting 
may be until these favourable signs are present. This ideal line of treat- 
ment can be carried out safely in the case of children, but with adults 
prolonged recumbency is not so well tolerated and ambulatory treatment 
should, as a rule, be instituted before recalcification of the diseased area 
is evident. 
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Albee tLe affected area is stabilized by means of a bone craft, taken 
from the tibia, and implanted into the Bjjjnous processes which have 
been split longitudinally for jts reception. 

The aim of such operative treatment is the more cfKoicnt fixation 
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of the affected area and consecjuentfy the cfunmutibn of the penbd of 
recumbency necessary for cure of the disea*«!. tVhen these methods 
were first introduced it was suRgested that, ns soon as the t/ony fusion 
of tlie spinous processes and laitim® was complete, tlie patient’s normal 
activities might be resumed. This belief is not now held, as in many 
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instances early activity was follow^ by tbe developjnent of psoas or 
lumbar abscesses, proving tbe truth of the principle that so long as 
activity of the disease is present activity of tbe patient is contra-indicated. 

Tbe operations have, however, a vcrj' definite place in the treatment 
of Pott’s disease. ^Vhen the disease has affected one side of the vertebral 
body more than the other it is extremely difficult to control the tendency 
to increasing lateral denation of the spine, and in such circumstances — 
after the disease has been adequately treated by conservative means— 
a bony fusion of the affected area is more efficient in preventing deformity 
than any form of splint. Again, when Pott’s disease has healed with a 
definite knuckle deformity, and mthout bone formation at the site of 
disease, 8}Tnptoni.s of aching and pain, due to jnelding of the fibrou-s 
tis.sue, may persist for a very long time. These symptoms usually 
disappear when a postenor support (Fig. 8) is worn, but the operation 
of bony fusion is occasionally pistified if the pain returns when the 
support is removetl, efqiecially when the area of disease is situated at 
a high level and there is In conseriuence great difficulty in fitting an 
efficient support. The after-treatment is identical. The patient remains 
recumbent for 0-8 mootlis until bony union is complete before normal 
acH\ities are resumed, the operation area being protected by the ase 
of a posterior support for the following 6-12 months. 

Convalescent Treatment. When all indications of activity have 
disappeared from tlie area of dbease, and it is considered safe for the 
patient to assume the erect position, it is essential to support the site 
of disease hy some form of frame or plaster case, even in those cases 
where a successful ojicration has been performed aud a bony fixation 
of the spine has resulted. The posterior support, shown in Fig. 8, is 
the most simple and efficient type of ambulatory splint ; its sole object 
is the prevention of the antero-postcrior bembng of the diseased spine, 
no attempt being made to give vertical support which many have 
mistakenly attempted to obtain by means of axillary posts. Tlie essen- 
tial feat\ires of the support arc tbe firm fixation of the pelvis by means 
of the broad pelvic strap, and the pulling liack of the shoulders to the 
frame by meaiw of the shoulder-straps. IXTien properly designwl the 
support is so constructed that on tightening tlie peMc strap tlie upper 
part of the frame stands slightly away from the spine, which is then 
pulled back to it by means of tbe arm-straps, thus preventing tbe normal 
antero-posterior strain from acting on the diseased spine. 

The gre.at advantage of the pceterior support over plaster casts is 
the entire absence of constricting bands over the chest and abdomen. 
Full respiratory movements are as essential in the convalescent as in 
the active stages of the disease, and any restriction of the normal inlet 
constitutes a grave injur)' to the patient’s health. 

The support is worn day and night and is only removed once a week 
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in order that the back may be wasliol, the technjqjie to be folloived 
in its removal is already described in Chapter II. A\Tien the disease 
is situateil at or above the level of the 6th dorsal vertebra, additional 
support is always necessary. This is given effectively by means of the 
TJiomas collar, which can be attacli«I to the posterior support and 
prevents tiie sinking dowTiwards of the chin which would otherwise 
occur. 

The support and collar arc worn continuously for at least 2-3 years, 
and are only removed when complete consolidation has occurred, when 
no tenderness or pain can be elicited, and when all signs of complications 
have been absent for at least 12 months. 

Treatment op Compucations 

Paraplegia. The most Mtisfactory results in the treatment of 
paraplegia follow on the immobilization of the patient in a pcwition of 
recumbency, and tbis method should always be employed in the early 
stages of the disease for a penod of D-C months before any other form 
of treatment is consideretl. If the immobilization is earned out effectively 
no other form of treatment is required in at least 85 per ce'ut of the early 
cases, but in the remainder in whom the signs of pressure do not disappear, 
the question of operation, must be veiy carefully considered. 

The object of any operation is the relief of the spinal cord from tlie 
abnormal pressure to which it is being subjected, and this object may 
be attained either hy a laminectomy, which retluces the pressure in the 
canal but does not remove the tuberculous abscess or granulation tissue 
which 13 causing the increased pressure, or by operation of costo* 
transversectom}*, in which an attempt is made to drain the uhscass in 
and round the canal by opening ilown to it along the side of the diseased 
vertebriE. 

If efficient conservative treatment has been carried out tlie chance 
of recover)' is not greatly improved by any form of operation, as in 
these patients the meuinges or the cord arc probalily already iiiaxilved 
by definite tuberculous infection. 

CostO'transversectomy. An jndsion, 4 inches in length, is made 
to the right of the spinous process of the affected vertebrto ; the muscles 
are stripped from the side of the slpmous processes and from the back 
of the transverse processes, until the joints between the ribs and trans- 
verse processes are definetl. Two of these joints at tlie apex of the 
curve are exsected and the linger, or a blunt elevator, is passed carefully 
downwards and inwards until the abscess area is reacieu' ; wfien the 
abscess has drained, the incision should be clo-sed with deep and siiiier- 
ficial sutures. The advantages of this ojicration are obvious , the spine 
IS not weakened by the removal of the laminie and spinous ])roce»ses 
which, m the presence of disease of the vertebral bodies, form the chief 
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support for the spinal column. The procedure ha*?, however, the great 
disadvantage that, if the paraplegia is not due to tlie presence and 
pressure of an abscess, but to a mass of granulation tissue only, relief 
cannot follow this simple opening. 

Laminectomy. The muscles are stripped from the sides and back 
of the spinous and transverse processes of the affected vertebrai through 
an incision made to one or other side of the middle line. The laminaj 
arc now cut tbtongh by means of a fine saw or curved forceps on each 
side at the base of the transverse precedes. The mobile portions of 
the laminflB, with their spinous processes, are now removed by cutting 
tlirough the supra- and inter-spinous ligaments, and the tension in the 
sjunal canal is tbereb}* relieve<l at the area of disea.se. 

The operation of laminectomy is naturally more effective in prodding 
relief from pressure, but it entails con.siderable weakening of the spinal 
column tlirough removal of the only portions of the vertebra? which 
have not been affected b)' the destructive process, A suggestion has 
been made that tins weakening of the spine, following a laminectomy, 
may be prevented to some extent by the application of a single or double 
bone graft bridging the gap, but this procedure has the disadvantage 
of prMisposing the patient to a secondary jiaraplegia if there is an 
increase in the size of the abscess, or granulation tissue mass which 
produced the primary lesion. 

SACRO-ILIAC TUUERCULOSIS 

Tuberculous infection of this joint is found as frequently in the 
adult as in the child, and its onset is usually slow and insidious. The 
first sign may be the appearance of an abscess over the region of the 
joint before there are any signs or sjnnptoms, which would indicate 
the presence of infection. As a rule, however, the patient complains of 
pain in the lower part of the back and do^m the course of the sciatic 
nerve for some time. Early in the course of the disease it is noted that 
the patient tires after a slight exertion. Examination of the spine 
frequently shows a well-developed lumbar scoliosis which remains ^etl 
and doe.s not alter to any extent, even in recumbency. At a later stage, 
the patient walks very carefully, the feet are shufHed along the ground 
and are not raised from the floor at any part of the step. Movements 
of the spine are distinctly limited, and forward bending is particularly 
diminished, especially when the kiieea ate kept straight. 

Diagnosis. The diagnosis of tuberculous arthntis of the sacro- 
iliac joint is often very difficult, eqwoially in the early stages. The 
radiograph (Fig. 68) may show little bone destruction, and even when 
early bone changes are present it is by no means easy to differentiate 
them from the normal irregularity of the sacro-iliac joint. "With more 
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extensive bone destructwn and occasionaUj u'hcn sMbiuxatron of the 
joint is present no difficulty ts experienced. 

As a rule, abscess formation occurs at sonic stage of tlie disease, 
and when present is more likely to extend forward through the com- 
paratively weak anterior ligaments than backwards. An abscess can 
therefore be felt more eonuuonly on the anterior than on tlie postenot 
aspect of the joint. 

Prognosis. The prognosis vanes with the age of the patient , 
when occumng in childhood the outlook is better than m adult life, 
bnt at any ape the prognosis is not so good as in tuberculous disease 
of any other level in the spine. The penod of recumbency necessary 
for cure may extend over 4 or 5 jTara, ami if a emus develops, gros.s 
infection is common and is associated with rapid loss of weight and 
occasionally with amyloid changes. 

Treatment 

, In iTOtance VreattnenV by fisatve® in T%tninWjCy sbwiU fc* 

insisteil on, at least until the patient’s resistance has improved, and 
until some signs of bone sclerosis have appeared. Such fixation can be 
carried out on a double frame {F7g. 6), or by plaster or celluloid casing 
extending from the shoulders to the ankles. 

. i 
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The difficulty of the imraobilization of this joint lies in the irapo^i- 
bility of obtaining complete rest by any form of fixation. Each time 
the bowels are moved there is nec^snrily some strain and movement 
of the affected joint, but by fixation in recumbency the strain of weight- 
bearing is removed. 

In the adult especially, and in the case of clnldren where improve- 
ment has not sho^m itself following 18 months' fixation, operati%'e 
treatment must be carefully considereil. 

Operative Treatment. Many types of operative tre.itment have 
been practised ; tho.se in most common use being the partial excision 
of tlie disease, a.s adnsed by’ Picque, and the various methods of 
stabilizing the diseased joint by extra- or intra-articular arthrodesis. 

Picque’s Operation. The joint is approached through an incision 
6 inches long, e.xtcnding along the crest of the ilium from the posterior 
inferior iliac spine. The outer side of the ilium is cleared down to the 
sacro-scintic notch, and tlie posterior portion of tlie jlium-'which has 



Fin. otl. — Picquc's operation showing remora! of posterior portion of Ilium and exposure 
of articular mirface of the Sacrum. 
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been released previously by division of the posterior sacro-iliac ligaments— 
is removed by an incision through the bone, extending vertically from 
the crest to tlie eacro-sciatic notch (Big. 59). ;Uter this removal of the 
infected ilium tlie necrotic area on the side of the sacrum can be cleared 
out and the muscles sewn over the field of operation. As a rule the 
bone necrosis affects chiefly the lower margin of the joint, but occasionally 
it may be confined to the upper sector when a modification of tlie com- 
plete operation is possible. A small portion of the lower margin of the 
ilium, above the sacro-sciatie notch, may be left in position with the 
advantage that the post -operative stability of the joint is greatly increased. 
Subsequently rest in the recumbent position for 4-6 months is necessarj", 
and when walking is resumed a tight hdt, holding the pelvis firmly, 
is of great advantage in stabilizing tlie excised joint 

Extra-articular Fixation. A diseased sacro-iliac joint may be 
stabilized effectively by extra-articular fi.xation m the manner devised 
by Verrall. in which the posterior portion of each iliac bonq is fused to 
the sacrum. In this method after removal of a broad graft from the 
tibia, holes, sufficiently large to allow passage of the graft, are made in 
the posterior portion of each ilium at such a level that the line joining 
them passes through the superficial portion of the back of the sacrum. 
In this space the graft is plac^ and the patient retained m the recumbent 
position until fusion has occurred between the three bones. 

Intra-articular Fusion. The methotl of intra articular fusion of 
the aacro iliac joint de%nsetl by Smith Petersen and described in 
Chapter XIII may also be used for the fixation of a ebseased sacro-iliac 
joint. 

The operation when employetl In this comlitiou has the disadvantage 
of opening up infection which may be easily stimulated to activity. 
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TUBERCULOSIS OF THE SHOULDER, ELBOAV AND WRIST 

Tuberculous artbritis of any of the joints of the upper limb shows 
many important points of difference from the same disease occumng 
in a weight-bearing joint of the lower limb. 

In the upper limb the on-set of the disease is always peculiarly slow 
and insidious. Some slight aching may be present, but as a rule no 
pain Ls experienced until the disease is fully established. The patient 
usually complains in the early stages of a fpadually increasing stiffness 
of the joint, steadily progressing until complete ligiibty is present. The 
average age of onset of the disease in the upper limb is also very different 
from that in the lower hmb. In the loirer hmb the first signs of the 
disease usually appear before 6 or 6 years of age, while in the upper 
limb the signs of aTtkritis appear, on the average, at 8-10 years, dis- 
parity in these figures being due to the comparative fre^iueiicy wrtU 
which the joints of the upper limb are affected in the adult. 

TVBERQVLOVS ABTUniTlS OF THE SHOVimn-JOWT 

The site of the primary' infection is found, as a rule, os a primary 
deposit in the head of tlie humerus, although the glenoid cavity or 
neck of the scapula may, on occasion, show the first signs of destruction. 
The infection soon spreads from the bone into the joint cavity, and all 
the articular structures become eroded and infiltrated. The destruc- 
tion b rapid, the decalcificatton extensive, while the head of the humerus 
is firmly pressed against the scapula by the protective spasm of the 
attaclieil muscles. 

Abscess formation is of comparatively rare occurrence, and an out- 
standing feature of the disea.se b the absence of much swelling or thicken- 
ing of the joint. This feature of shrinkage rather than swelling of 
the affected joint has given rise to the title “ Caries Sicca,” tj-pical 
examples of which occur more commonly in cUletly patients, although 
not unkiiouTL anionij, chihlten.. Caseous, infiltcatuin. of. the. hnncA aiuL 
of tlie synovdal membmne is widrapread, and small areas of detached 
necrotic bone may be foimd in the region of the obliterated joint cavnty. 
An abscess is occasionally formed in the course of the disease, and when 
present it usually points under the skin on the anterior aspect of the 
joint to the inner side of the anterior bonier of the deltoid. If allou'ed 
to burst on the surface mixed iufectioti may occur with wtdespreau 
glandular involvement. 
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Symptoms and Signs. The first definite complaint of trouble in 
the joint is usually a feeling of discomfort when I}'ing on the affected 
side. The patient finds that it is much more comfortable to lie on 
the hack or on the normal side, while if he turns on to the affected side 
during sleep the pain produced is quite sufficient to waken him. Night 
starts, which are frequent in disease of the joints of the lower hmb, 
are seldom complained of in connection with joints of the upper limb. 
On examination the whole shoulder-jobt seems to be shrivelle<i as com- 
pared noth the other side, and all movements of the joint are diminished 
or absent. 

Radiographic Appearances. The joint space is obliterated, the 
articular surfaces of the humerus and glenoid ore destroyed ; there 
is no new bone formation round the site of disease, and decalcification 
is present to an extreme degree in all the affected bones (Fig. 60). 

Prognosis. The prognosis is on the whole good. In a few instances 
where tuberculous arthritis is associate<l wth a widespread phthisis 
the disease is rapidly fatal, but, in the absence of grave pulmonarj’ 
complications, the disease usually progresses satisfaetonly, leaving a 
fibrous ankylosis. 


Trcatoent 

As ankylosis is the invariable result of the disease, treatment should 
have as its object the provision of this ankylosis nt an angle which will 
be most useful to the patient, so that, in the absence of all movements 
at the shoulder-joint, the muscles moving the scapula may act through 
the rigid joint, thereby providing a useful range of movement for the 
arm (Fig. 61). In children this optimum angle is found to be 80 degrees 
abduction, and 20 degrees m front of the plane of the body, whilst m 
adults an abduction of 60 degrees is the extreme limit to be aimed at 
for optimum position. The reason for the difference in the.se angle.s in 
the adult and in the cliild lies in the greater mobility of the scapula 
in the child as compare<l Avitli the adult. If the arm is fixed at too 
great an angle of abduction, adduction is lost, and the patient must 
keep the arm constantly away from the aide, giring an appearance of 
deformity, and causing a constant stiain on the joint. 

The position of abduction is roost easily maintainerl by the use of 
the wire abiluction frame shown in Fig. 10. Its lower margin bears 
weight on the outer side of the thigh between the crest of the ilium 
and the great trochanter, thus pressure sores and abdominal discomfort 
do not follow its application, even when long continued. The frame 
may be worn continuously by a child for 18 months to 2 years without 
any great discomfort, but a similar prolonged period of fixation is almost 
unbearable to an adult, especially to one who is rather fat. In such 
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circumstances, treatment may preferably be carried out witli the arm 
hangmg by the side, the forearm ami wrist supported by a sling, allowng 
ankylosis of the joint to occur ia the jwsition of extreme adduction. 
Wicn the ankylosis is complete, improvement m the position may be 
obtained by a small wedge osteotomy from the outer side of the humerus, 
or by an arthrodesis of the joint in a corrected position. 



Operative Treatment 

Operation on a shoulder infected by tuberculous arthritis has as its 
sole object the alteration of an unsound fibrous yiekhng ankylosis into 
a sound bony union, which will retain the position of the atm against 
the force of gravity. The operation is advisable when ailiing persists, 
or when the stability of the ankylosed joint is iasnfficicftt for the patient’.s 
normal activities. It should only be performed at a late stage m the 
disease when recalcification of the aifectcd bones has become evident, 
and it should never be employed in the acute early stages when the 
tissue resistance is at its lowest. 

Arthrodesis of the Shoulder-joint. A horseshoe incision is made 
on the outer asjiect of the joint starting in front at the coracoid process, 
passing down across the outer border of the deltoid, and tenniuating 
posteriorly at the level of the spme of the scapula. The deltoid muscle 
13 cut through and turned upwards to allow an uninterrupted vnew of 
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air the joint stiructures (Fip. 62). TTie infectetl capsule and perisynowal 
tissues are completely removed and, after clearing off the articular 
cartilage and diseased hone from the head of the humerus and the glenoid 
ca\'ity, these bones are apjiroxiniatcd and the freshened acromion pro- 
cess is partly cut through neat its iMee and turned down, so that it lies 



L'ra. 62. — AnUr<vlM\3 of SUoutiUr-joinl stwvimg Acroiaion proesM into gwttcr 

of greater tolxrosity of Humrru*. 


in a prepared raw surface on the outer side of the humeral head. The 
arm, shoulder and clie.st arc firmly encased in plaster, ^dllch is retained 
until union is complete ; this penotl may vary from 3 to 6 months, but 
when it is eddent that union has taken place, freedom is given, at first 
for a short period, and later for gradually increasing intervals. 

Gxtrn-articular Arthrodesis. Operative fixation of the diseased 
joint 33 also pi»sible as an extra-articular procedme, without opening 
the infected capsule, by the implantation of a bone graft from the 
acromion process to the outer a.spect of the shaft of the humerus. The 
operation aims at stabilizing the joint during the period of acthdty or 
after the formation of a weak fibrous ankj'io.sis. The result.? of tliis 
procedure are very rarely satislactorj', and do not as a rule justify the 
surgeon’s enthusia-sm, as absorption of the bone graft frequently 
occurs. 
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TUBEItOULOUS ARTIIIUTIS OF THE ELBOW-JOINT 
As in flic slioiiMct-joint, the priuiMj- inrection liere is usuolly found 
jn one of the bones, and of these the most common site is the ai-Tnoid 
canty of the olecranon process (Fijj. 63). The soft tissues arc involved 



Fia 63 — Tiibefculous of Klbon shoniiig in greater aigmoul cavity. 

at an early stage and coiiSKlerable swelling can he seen and felt, particu- 
larly on the posterior aspect, where soft fluid collections project on both 
sides of the triceps tendon. Pain, in the alisence of movement, is slight 
during the whole course of the disease, but limitation of movement in 
all directions is present from the earliest stage. Abscess formation is 
of common occurrence, and without efficient treatment a sinus may 
develop at the imier or outer side of the triceps insertion. Tiie joint is 
always swollen on account of the soft tissue infiltration, and ihs apparent 
size 13 increased by tlie muscle atrophy in the arm and forearm. 

TUEAWeST 

Tlie simplest and most efficient form of treatment for tuberculous 
arthritis of the elbow’-joint is the simple collar and cult method of Tlioinns 
(Fig. 04). Here, the fixation and rest, although only partial, are suflicient 
to promote healing and to prevent pmn. 
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Extension of the atm, ■with the 
object of separating the affected 
bones, is never advisable, and when 
attempted docs not improve the 
condition nor shorten the period of 
disability. Diminution of the normal 
range of movement in the joint is 
the invariable result of the disease, 
although a range of 10-30 degrees of 
painless active movement is com- 
monly obtained. Occasionally a very 
much greater range is seen, while true 
bony ankj’Iosis occurs very rarely, 
even in the presence ofamL-ced infec- 
tion of the joint noth many ainascs. 

Operative Treatment 

Excision of the joint m the acute 
stages of the disease was formerly 
the common method of treatment. 

It necessitated such a widespread 
removal of infected bone that an unstable flail elbow was the common 
sequel of the operation If excision Is considered suitable it should 
only be used when rccalcification and sclerosis of bone show tliat the 
tissue resistance is active and that the limits of the disease are well 
defined. 

Operation. Through a 7-inch straight median posterior incision 
the lower portion of the triceps is split and the insertion stripped laterally 
from the upper and posterior portion of the olecranon and shaft of the 
ulna. The soft tissues are cleared off each side of the lower end of the 
humerus and the upper portion of the ulna and radius, especial care 
being taken to protect the tiloar and masculospiral ner\'es from injury 
during this dLsaection. By acute flexion of the elbow the ends of the 
three bones are presented through the incision, and, after removal of 
all the infected tissues, a straight saw-cut is made through the shaft 
of the humerus above the condyles, and through the upper portion 
of the radius and ulna at the level of the lower border of the sigmoid 
cavity. Tlie cuts are made transversely at such levels that, after removal 
of the ends of the humerus, radius and ulna, a gap of H inches only 
is left between the divicleil bone-ends when the arm is gently puDed in 
extension. Any infected soft tissues which have been missed prc^nously 
are now remove*!, and the wound in the triceps expansion and skin is 
sewn up tightly. 

For the first 10 days after the op^tion the arm is kept in the extended 



ri« 64.— ColUr and CufT ij“ed in tr<nt 
ment of tulerrulcius of the 
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position in order to prevent the immediate approximation of the 
roughened bony surfaces. After this period, during which the raw 
surfaces have become coated over by early fibrous tissue, the arm is 
brought in stages into a position of right-angled flexion. The remainder 
of the treatment is carried out as in the conservative metliod with the 
wrist slung from the neck without support to the elbow-joint (Tig. 64). 
Active movements are encouraged, and support of the joint is continued 
until muscular control has been regained and the elbow can be maintained 
voluntarily against gra\'ity. 

Arthrodesis of the Elbow -Joint. If, in spite of prolonged support 
of the elbow-joint, the stability is still inadc/juate, bony fixation may 
be attempted at a late stage of the disease. The joint having been 
widely opened and all the diseased tissue removed, the infected articular 
cartilages and subjacent bone are cleared, and the rougheneil bony 
surfaces approximated. Further fixation can be gained by the use of a 
tibial bone graft, extending from the liunierus to the upper portion of 
the ulna. Following the operation the joint is protected for G months, 
and full use b perniitte<i when bony union can be seen radio- 
graphically. 

Amputation. Amputation of the arm is occasionally necessary as 
n life-saring measure m elderly patients, especially in the presence of 
severe mixed infection. 


TUBERCULOUS ARTHRITIS OF THE WRIST 

Unlike most other instances of tuberculous joint infection, the wrist 
IS more frequently affected in adults than in chililren. The di.sease 
progresses slowly, little pam is experienced and the joint gradually be- 
comes swollen and rigid. Tlie site of the pnmary infection is usually 
the sjmovial membrane, the r.adiograph at this stage shoinng a generalized 
decalcification of the carpus and the adjoimiig portions of the metacarpus 
and the radius (Fig. 65). At a later stage, bone destruction appears in 
the carpal area, in which it may remain localized or may spread to the 
neighbouriog bones. 

Swelling usually .appears first on the dorsum of the wnst on both 
sales of the common extensor tendons, and, as a rule, softening and 
abscess formation follow m the same regions with flexion deformity 
and partial subluxation of the joint. The tendon sheaths, first on the 
dorsal aspect, and later on tlie palmar surface, may betoine involved in 
the infection, the development of granulation tissue jireventing the 
movement of the tendons in their sheaths. 
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Fio. 6 > — TuWcuIoik Ocicn^ of iW Wnst-joint. 


Prognosis. Ttiberculous infection of tiie ^^■Tist-Joint by itself is 
rarely a fatal disease, but the ugefuluess of the hand is alwaj's greatly 
diminished by the development of a weak fibrous ankylosis, frequently 
in a deformed position, and possibly also by the involvement of tendons 
in the fibrotic mass. 


TbEAT4IE>T 

Complete fbeation of the joint in its position of greatest functional 
advantage for a period of 18-24 nwntbs ia the essential factor in treat- 
ment. Thus optimum functioning position is 16 degrees dorsiflexion 
with the hantl m line with the forearm. At this angle the %vrist should 
be fixed on a siilint which, only in the acute stages of the disease, includes 
the fingers, care lieing taken that the metacarpophalangeal and inter- 
])ha]angeal joints remain flexed during the penod of immobilization. 
^Vheu the acute .stage is pa.ssetl movement of the fingers should be per- 
mitted, the wrist-jomt still remaining immobilized at the optimum 
angle. If sinuses are present, the skdeton hand splint (Fig. GG) is most 



146 


TUBERCULOUS ARTHRITIS OP THE WRIST 




Fib. 66.— tSttcIcton Ifomt .S’pliot. 


uieful, as it allows the necessoi}* dressings to be appLed whilst retaining 
the fixation 0/ the joint. 

Plaster-of'Paris casing of the forearm, including the wrist and meta- 
carpoplialangoal range of joints, is frequently used irith tlie object of 
immobilizing the affected area. Although effective in producing fixation, 
it causes an unnecessary strain by its weight, and by its complete cover 
of the diseased joint it predisposes to the formation of abscesses, which 
are seldom seen when splints alone are used. 

Operative Treatment 

Aspiration or occasionally opening of a tuberculous abscess when 
iiece.ssary must always be carri^ out under scrupulous surgical clean- 
hneas. 2\s in any other tuberculous joint, drainage is contra-indicated 
on account of the great danger of sinus formation and mixed infection. 

Curettage. T^s operation is mentioned only to be condemned. 
tMien the attempt is mad« to remove the infected material by scraping, 
spread rather than cure of the di<«easc is the common result 

E-vaIsIao.. TIa oTpAwt-.'/sR <sC A-sjcwna of th« Infcctjyl carijms and the 
adjacent portions of the radius and metacarpus, if earned out e/hciently, 
IS such a crippling procedure that it shouhl never be attempted in children 
and is rarely justifiable in adults. 

Arthrodesis. Fusion of the wnst by clearing and freshening of 
the diseased articular surfaces of the carpus and radius, combined with 
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the use of a bone graft extending from the radius to tlie metacarpus, 
results in stabilizing a weak, painful wrist, but the operation should 
onlj be considered when sclerosis of the infected bones is already present, 
and when the tendons on the anterior and posterior aspects of the joint 
are working freely. 

Amputation. As in the ease of disease of the elbow-joint, amputa- 
tion is performed solely as a life-saving measure, especially when mixed 
infection is present, and in cases complicated bj' phthisis or general 
tuberculous infection. 



CHAPTEIt XI 
CHRONIC ARTHRITIS 


Many different classifications hare been suggested for the various 
types of sub-acute or chronic arthritis. Tlie multiplicity of the terms, 
chronic rheumatism, rheumatoid arthritis, osteo-arthntis, infectious 
arthritis, toxic arthritis, etc., is an indication of the news of the authors 
as to the probable cause, while at the game time they are an jn(Ie.T of 
the lack of knowle<lge of the pathological processes leading to these 
changes. 

Chronic arthritis can he dinded into two mam groups, whicli cannot 
always he differentiated, as signs of lioth conditions may lie present m 
one patient. 

1. Wievmatoid Arlhntis, in which the disease is largely confined to 
the Byno^^al membrane, pensynovial tissue, and cartilage of the joint. 

2. OskoanhriUs, in which the pathological changes are seen chiefly 
in the bony and cartUagmous structures 

nUEUMATOlD ARTHRITIS 

This condition, which is usually of the nature of a polyarthritis, is 
seen at one of two mam age periods. 

(«) In Cliildhwd. The clinical characteristics of this typo of the 
disease were first describe*! by Still. The clinical picture differs, in 
certain points, from that seen in adult patients The disease is always 
polyarticular, the joints of (he hands and feet being, as a rule, affected 
first. At the outset there is usually a considerable amount of pam, 
the affected joints beconuiig distendeil with great wasting of the sur- 
rounding muscles, jls a role, eaJargenient of the Jyroph glands and 
the spleen becomes obvious at ad early stage, while the prognosis in 
regard to function of the affected joints is jioor, the tendency being 
towards eventual ankylosis (Fig. 07). 
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(6) In ihe Adult. The disease occais almost exclusL%’eIy in females ; 
the onset is not usually so sudden or so painful, and, although any joint 
may be affected, the hands and feet are most frequently involved in 
the initial stages. The metacarpophalangeal and interphalangeal joints 
become swollen and shiny, mth considerable restriction of movement, 
although this limitation i.s accompanied by comparatively little pain. 
Following this involvement the fingers gradually deviate towards the 
ulnar border of the hand, the displacement occurring at the swollen 
metacarpophalangeal range. Later any joint may become involved, 
the knees frequently becoming swollen and flexed with a loss of power 
of full voluntary or passive extension. The wrists, shoulders, elbows, 
hips and ankles are also often affected in the same way, deformities 
appearing owing to unbalanced muscle j>ul! and the action of gravity. 

The radiographic appearances at first are those of general decalcifi- 
cation of the bones of the affectc<l joint, while, at a later stage, the 
joint cavity is diminished and erosion appears at the edge of the bone 
close to the articular cartilage (Fig. 08). 



Fin. CS.— Rhcamat<^ AtthniU of llip-joint. 
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Tlie patiiologica! ctanges consist in round-celled infiltration of the 
capsule and s}Tiovial membrane, the synovial villi proliferate and a 
layer of vascular fibrous tissue i* formed on the surface of the articular 
cartilages, which may eventually be absorbed and replaced by fibrous 
tissue. 

Differential Diagnosis. Tliis, as a rule, is comparatively simple 
The slow onset ami propess of the disease, the number of joints affected 
and the periarticular thickening, with the generalizeil decalcification and 
I 0 S.S of joint sjwce, as shown in the radiograph, all point to the correct 
diagnosis. 

Cause of the Disease. It would appear that the disease probably 
results from long-coutinued low-grade infection, and that the infecting 
organism may be of many types and may originate in almost any organ. 
The disease has been attributed to dental infection, intestinal infection 
or to septic involvement of any of the sinuses of the body, wlule the 
organisms localized from the affectwl joint, or from the perisjmov’ial 
tissues, or enlarged lymphatic glands, may lie of any tJ^)e or any strain 
of s’lrulence. In many cases of rheumatoid artlmtis such localized 
foci of infection can be discovered, but in many others, even the 
most careful general e.xaminatio& fails to reveal any area of bnctenal 
growth. 


Tbeatmelnt 

Before any local treatment is undertaken a very careful general 
examination must be carried out to discover the possible site of infection. 
If such an area is found, the sepsis should be dealt mth radically if 
this is possible, or suitable treatment instituted ivith the object of 
dimiuishing the extent and virulence of the process. An autogenous 
vaccine may lie made from the bacteria pre'^ent, and the use of such 
vaccine has, m some cases, led to a considerable Improvement m the 
condition of the jiatient. Unfortunately, in many instances the use of 
the vaccine has not produced any alteration in the condition of the 
joints, and in such cases, and in those where it lias been impossible to 
discover the site of infection, other lines of treatment are necessary. 

In addition to any specific treatment, the general health should be 
improved, the prevention of constipation lieing of the utmost importance, 
and the diet .should be regulated according to the condition of the kidnej'S 
and intestinal tract, the basic principles being that it should liave a low 
carbohydrate content. 

Numberless drugs have been used in the treatment of rheumatoid 
arthritis, and each has been widely used and relied on for a period, Imt 
prolonged experience of tlicir use has invoriably led to disappointment. 
During the past few years particular attention has been given to the 
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treatment of rheumatoid arthritis by means of gold salts. Of these 
there are various conipoimds, of which the most suitable and least toxic 
would seem to be Solganol B. Oleosum. 

The metho<l of action of the gold salts on the infection is not clear. 
It would appear that the effect is indirect, causing an improvement in 
the general bwly metabolism, and that the drug has no direct effect 
on the septic processes. 

The treatment of the condition by the operation of sympathetic 
ganglionectomy in the hope of improving an extensive arthriti.? in the 
joints of one lunb has been tried during the past few years, but the final 
results obtained have hitherto been unsatisfactory. 

Combined with drug or vaccine treatment, improvement in the con- 
dition of the affected joint and in its range of active movement can be 
obtained by the use of radiant heat and gentle massage. The radiant 
heat should he employed daily for 10-15 minutes, its use over a longer 
period being followed in many cases by an increase of inflammation and 
swelling of the joints and a diminution of active movements. Massage 
should be directed towards improving the condition of the muscles round 
the joint, and should be combined with gentle passive movements, 
which should stop as soon as they cause pam to the patient. 

From the orthopaxlic surgeon’s \iewpoint the chief problem in treat- 
ment must be the improvement in joint function. Deformity must be 
prevented, movements where possible must be encouraged, and, if anky- 
losis is inevitable, this must be allowed to occur in the best possible 
functioning angle for the particular joint involved. In dealing witii the 
joints in rheumatoid arthritis there is one outstanding and invariable 
rule in regard to fixation and movements. Unlike many other diseases 
where fixation of an inflamed joint leads to a cessation of pain and an 
increase in movements, in rheumatoid arthritis complete and prolonged 
immobilization of an affected joint is followed by relief of pam and 
loss of movements. This rule forms the basic principle for the treat- 
ment. Joints which are already deformed may be altered in alignment 
and yet retain movements, so long as they are not immobilized. 

The correction of such deformities must be gradual, movements 
most be encouraged at the joint whilst its alignment is being altered, 
and ho fixation in plaster of Paris should ever be used, unless the objwjt 
of treatment is the production of a paiulesa ankjdosis at the affected 
area. 

The chief deformities met with in rheumatoid arthritis are flexion 
of the hip, flexion and suhluxation of the knee, adduction deformity of 
the shoulder, right-angled fixation of the elbow, and flexion and ulnar 
deviation at the metacarpophalangeal ranges. 

Deformities of the lower limbs are beat treated by slow correction 
with weight extension. The weight must be small, and active and 
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pa-ssive niovornents of tbc afTectctl joint? jntwt lio aUowecl <at inten'als 
each day. 

Knee«]olnt. In tlie case of the knee, where suhluxation of the 
head of the tibia and flexion contracture are usually both present, some 
difliciilty is exjierienced in straightening tiic joint Arithout producing 
further suhluxation. In onier to avoid this a second hue of puli is 
placed behind the head of the tibia, acting at right angles to the Ion'’ 
axis of the hone, so that, as the joint is Btraightencd, the head of the 
tibia is slowly pulled into its nonnal alignment. 

If a joint is completely disorganized and it is evident that useful 
function can never follow correction of the position, the affected joint 
should, if possible, be brought to its most useful angle and aUowed to 
anl^lose in that position. Tliia can he carrieil out simply by correction 
of the deformity and fixation of the joint in a plaster of Pans casing or 
smtahle splint for a period of 3 montlis ; dunng the period of fixation 
the neighbouring joints roust be eietciseil and the general treatment 
continued. 

Arthrodesis. Arthrodesis of an extensively disorganized joint may 
be ueceasat}’, especially where there is great deformity and correction 
is impossible by traction alone. If the joint can be brought into good 
alignment operation may often be avoided, provided that fixation of 
the joint is maintained for a sufficiently long period. 


VILLOUS ARTHRITIS 

Chronic villous arthritis may be looked upon as the only example 
of a persistent mon-articidar rheumatoid arthritis. It is found only in 
adult life, the knee being more frequently involved tliaa any other 
joint, the only predisposing factor being gonococcal infection, a history 
of which can be elicited in 30 per cent of the patients The pathological 
changes present in tlie joint are very similar to those of generalized 
rheumatoid arthritis. There is the same cellular infiltration of capsule 
and sheath, the same enlargement of the synovial vilh, which often 
protrude into the joint cavity as large pedunculated masses, but there 
is not the same tendency to the growth of a fibrous tissue plaque over 
the surfaces of the articular cartilages, the limitation of flexion of the 
joint being caused solely by the tbiefcenmg of the capsule and pen- 
capsular tissues, combined with a small synovial effusion which is usually 
present in the joint. 

Symptoms am! Signs, Tlie outstanding features of the condition 
are the persistent thiclccniiig and snelhng of the joint which dimmish 
Avith rest but never entirely disappear, even after long-continued rest 
m bed. A small amount of fluid can usually be detected in the joint, 
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but tbe persistent enlargement is lately caused by tbe thickening of 
the synodal membrane and the increase in size of the synovial fringes. 
On palpation these can be felt as rounded semi-solid masses, which can 
be moved about through a restricted range. Tbe synovial membrane 
itself can abo be felt through the wasted quadriceps to be definitely 
thickened and spongy. -Vs a rule, pain is absent, altliougb some acliing 
may be complained of, especially at the end of a day’s work, when the 
knee generally becomes more swollen. 


TREATilE.Vr 

Treatment similar to that given for the generalized tjqie of rheuma- 
toid arthritis does not usually have any effect in chronic nlloua arthritis. 
If any trace of gonococcal infection can be discov’cred it should be dealt 
uitb effectively, but, ns a rule, even when there is a history of previous 
infection, all traces of it have disappeared. The results of conserv’ative 
treatment are usually disappointing, even prolongeil fixation causing 
only a tcmpoiary improvement. When the disability is great con- 
siderable improvement can be obtabed by operation. 

Operative Treatment. The removal of as much of the infected 
synovial membrane as is possible without injury to the stability of the 
joint constitutes the most effective method of dealing with the disease. 

Through a vertical incision 6 inches in length at tlie outer border 
of the patella, ending below the upper surface of the tibia, the whole 
of the supra-pafcllar pouch and the post-patellar pad of fat may he 
removed. As a rule, removal of the supta-patcllai poucli alone is sufficient 
.to ensure a useful jouit, and only on rare occasions is it necessary’ to 
remove the fatty pad. After suturing the capsule and skin the leg i.s fixetl 
on a splint at an angle of slight flexion for 2 weeks, during which active 
movements of the thigh muscles are encouragerl. Later, non-weight- 
Viearjng exerci«es of the thigh, combined with gentle massage, rapidly 
restore the muscular control. 

Free use of the joint is permitted after 3 weeks from the time of 
Oi>etation, and the result to be expected Is free, painless flexion and 
extension of the joint from the straight line to at least right-anglecl 
flexioti. Althongb ibis moveinttit fottwring aynovectomy is painiesa, it 
Is usually accompanied by considerable creaking and grating in the 
joint. The fibrous tissue, which replaces the synovial lining, never 
becomes as smooth as the original synovial lining, but the creaking, 
although annoying to the patient, does not interfere vrith the function 
of the joint. 
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OSTBOART!IR!TIS 

Osteoartliriti*?, or clironic arthritis, which afTects to a greater degree 
the loony and cartilaginointmucs of the joint, may be either mon-articular 
or poly-articular. 

The pathological changes ronsist in an irregular growtli of bone and 
cartilage at the edges of the articular surface, anti fibrillation and soften- 
ing of the articular cartilages over their ueiglit-benring surface (Fig GO) 



}'(C!. Oy. — Aibanrpil OgtroMlIinlui of tho Hlp-jmnl 


This heaping up ol newheme and tsirtAage aV Wife u'rtanAKt 
concurrently with the destruction in the weight-bearing area ; eventu- 
ally the underlying bone may lie exposed entirely denuded of its carti- 
latnnous covering. Enlargement of the synovial fringes may bo seen as 
la^e pads of synovial covereil fat; the perichondral and periarticular 
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tissues also become infiltrated, but never to the extent seen in rheumatoid 
arthritis. 

Mon-articular Arthritis. Osteoarthritis, which remains confined 
to one joint, is invariably the result of trauma. The predisposing trauma 
may consist of one serious injury, such as would be caused in the hip- 
joint by a fall on the outer side of the great trochanter, or it may be 
of slight degree and oft-repeated, as is seen in the osteoarthritis of the 
metatarsophalangeal joint of the great toe. 

"With continued use of the affected joint the arthritic changes become 
more advanced, the ostcophytre ontgrowtha at the edge of the articular 
margin increase and lead to a steady diminution of the range of move- 
ment ill the joint. Occasionally these outgrowths from the opposite 
sides of the joint may approximate so closely as almost entirely to pre- 
vent movement at the joint, but true bony ankylosis never occurs, 
some small amount of active or passive movement always being possible. 
With increasing limitation of movement pain becomes worse, but in 
the extreme type, in wliich there is close apposition of the osteophytic 
outgrowths, pain may disappear and may be elicited only by forced 
passive movements. 


Osteoarthritis of the Hip-|oint 

Osteoartliritis of the Lip-joint may follow injury to a normal hip- 
joint iiv adult life, but it may also follow some alteration to the shape 
or position of the head of the femur which was present since childhoo<l 
or adolescence. Thus, such conditions as Legg-Perthe’s disease, which 
causes a flattening and broadening of the articular surface of the head 
of the femur, or slipping of the upjier femor.il epiplijisis or coxa vara, 
which result in a clmnge in position of the articular surface, are usually 
followed in later life by the development of osteoarthritio changes 
(Fig. 70). 

Symptoms and Signs. As a rule, the patient first complains of 
inability to perform some particular movement, such as passmg one leg 
over the other or tying the shoe. All other movements of the joint 
at this stage are apparently unaffected, but pain follows each attempt 
at performing the restricted movement. Gradually the range of move- 
ment in the joint diminishes; rotation, alxluction and adduction are 
lost, flexion and extension being retained to a gradually diminishing 
degree. The thigh becomes adducted, the affected leg becoming appar- 
ently sliorter, while ivith increasing pain the patient’s activities are 
restricted. 

The radiographic appearances vaij' with the stage of the disease. 
At first there may be only very slight osteophytic changes at the articular 
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margins, but {jraduallj the<» increase in size «nti] tbe fij]]y developed 
osteoartliritic chanpes are present (Big. C9). 

Treatmest 

In the treatment of osteoarthritis medicinal measures are even less 
satisfactorj' than in rheumatoid arthriria. If there is any discoverable 
focus of sejisis, this should be dealt with in a radical manner. Tlie use 
of autogenous vaccine does little to delay tlie progress of the disease, 
and intestinal medication has proved to be equally ineffective 



Pill 70. — Oil! I’ertbp* l)i»r»v showing «rthnll< clmngci 


Local treatment of the affecteil joint by hot packs, hot mud jiacks, 
radiant heat, etc., results in a more or leas temporarj’ rehef of pain, but 
produces little interniption in the pre^^ress of the disease. Electrical 
treatment by ionization has proved to be of little or no value, and its 
use IS followed in some instances by a considerable increase in the pain 
and tenderness. 

Relief can usually be obtained by mechanical means, w Inch may be 
summarized as follows : 

Manipulation. In the early stages of the disease, when the restric- 
tion of movement is limited only in one direction, and the radiograph 
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shows little ot no bony alteration, a considerable improvement in function 
often follow's on manipulation of the joint under anaesthesia. 

In this procedure, the patient bcinft aniesthetizcd, the joint is put 
once through the full nonnal range of movement in every direction, 
and the increased range is maintained by free use of the joint in normal 
activity. Such improvement of movement is usually accompanietl by 
a dlsapjjearance of pain in the joint, and, if the bone changes arc minimal, 
the improvement in function may last from I to 3 years. 

Plaster Fixation. With a more advanced condition of arthritis, 
when definite bony outgrowtlis are alrc.'uly visible, manipulation is> 
contra-indicated, and, if attemptefl, is iLSually followetl by increas'ed pain 
and diminution of movement. 

At this stage anypain present in the joint can be relieved by fixation 
of the hip in a plaster spica for 3-6 months. Tlie spica holds the hip- 
joint at rest hut doc.s not restrict movement at the knee-joint, and the 
patient is enabled to carry on most of the normal activities. As a 
result of tills prolonged fixation the range of movement is not 
diminished hut is often increased, and this improvement may last for 
several years. 

If the fixation In plaster has rehevcil the condition of the joint, after 
removal of the pla.ster case a canvas or leather hip-shield should be 
worn for another 0-12 months. This type of shield, although not so 
effective in immobilizing the joint, limits the range of movement and 
prevents to some degree the return of pain. Freedom from all fixation 
should be given slowly, a flannel spica liandage being worn ns a support 
for another year. 

Operative Treatment 

lYhen the disease Is more extensive and osteoarthritic changes are 
present on the head of the femur and ou the acetabulum, neither manipu- 
lation nor flx.'ition in plaster can produce any permanent improvement, 
and more radical procedures arc necessary. There are certain possible 
lines on which this operative treatment ma}* bo ba.sed, and each of these 
methods has been usetl sufficiently long to enable a judgment to be 
arrived at as to its relative usefulness. 

1. .jlrtliroplasty. 

2. Arthrodesis. 

3. Reconstruction Operation. 

4. Pseudarthrosis. 

5. Osteotomy. 

1. Arthroplasty. Tfie operation of arthroplasty, or the formation 
of a new functioning joint in the place of one which is hmited in move- 
ment and painful, is the ideal which ha.** been sought for by generations 
of surgeons. 
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The technique which has been employed ts the wide openinf» of the 
joint, the removal of the articular cartilage of the head of the femur, and 
the acetahuluiu, the remodelling of the head of the femur to fit «jm- 
fortahly into the acetabulum, and the interposition of some tissue between 
the roughened bones to prevent their fusion. Fascia lata was commonly 
used as the intervening membrane, but unfortunately the resiitts of the 
operation were usually unsatisfactory, pain and limitation of movement 
persisted and the method fell into disuse. 

The technique of Smith-Petersen in petfomiing arthroplasty of the 
hip is almost identical with that desenbol, with the important diiTerence 
that after remodellmg the head and the acetabulum, a vitallium metal 
cup i.s placed between the head and the acetabulum. The remodelling 
of the bones is done widely in order that the diminished head and neck 
of the femur may move freely within the metal cup, which m its turn 
moves freely witliin the enlarged acetabulum. The essential point of 
the technique of a succe.'wful operation is the meticulous care with which 
the joint h approachwl, the muscles attached to the ilmm l/eing gently 
freed, and the capsular tissue being widely removed before closure of the 
wound. 

Some of the resuft.s given by the method are e.xceJIent, hut iti some 
instances further operative proceilurcs arc necessary because of a 
recurrence of pain and a reappearance of the restriction in the joint 
movements. 

2. Arthrodesis. By artlirodesls of the joint the pain, winch is the 
result of movement of the toughened bony surface, disappears and the 
patient can bear weight on the hip mthout discomfort. Unfortunately 
the loss of all movement m the bip-joint of a patient of middle age or 
later bfe Ie.ids to greatly increased strain on the lumbar spine, whicli, 
in many cases, is also affected by osteoarthntic clianges The immediate 
after-result of a successful arthrodesis is invariably good, but after a 
period, whicli may vary between 2 and d years, the pnticnt usually 
returns complaining of incrcaseil jiam and disability iii the lumbar spine 
This objection is not apphcable wliere the osteoarthritis has developeil 
in a young patient as a result of change in tlie shape of the liead of the 
femur, caused by a pre-existing Perthe’s disease, or a severe direct 
injury. In the.se patients when the other joints are normal the restriction 
of movement, which follows arthrodesis of the hip, can be masked by 
the increased range which develops in the lumbar spine. 

The method of performmg the operation of arthrodesis has already 
been described in Chapter VII, 

3. Reconstruction Operation of Whitman. Tiie reconstruction 
operation of Whitman is baaed on wunewhat similar lines to that of 
arthroplasty. After removal of the enlaiged femoral licad. the apex 
of the neck of the femur is smoothed and jilaced in the acetabulum. 
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In order to retain it in this position the great trochanter, witii its attached 
muscles, is cut off and reattached farther ilowm the shaft of the femur 
so as to give control and better leverage. The leg is now placed in 
abduction, enabling the rcmiiant of the neck to remain in the acetabulum. 
The objection to the operation must always be the presence of a small 
femoral segment in a large acetabular cavity, an arrangement which is 
frequently followed by an increase of the arthritis. 

4. Pseudarthrosls. The provision of a movable joint, even though 
it is not nornoal in strength, is always advisable in the case of osteo- 
arthritic infection of both hip-jointa, especially when the lumbar spine 



is also affecteil by artliritis, and is limited in its range of movement. 
Following such an operation tbe disability is lessened, and the patient 
is more capable of carrying on his nonnal functions. 

The most efficient technique of j>seudarthTcais is that described by 
Jones. Tbiough a curved isKiwon ou the outer side of tbe bip, tbe great 
trochanter is detached from the femur and is turned up with its attached 
muscles. The neck of the femur is now divided close to the head, and 
the shaft cut through just above the lesser trochanter. The portion of 
bone between these two inmions is now removed, and the trochanter 
is then turnetl in and sutured to the remaining portion of the head and 
neck (Figs. 71a and h). Directly after the operation, extensions ere 
applied to the leg, which should be pulled into extreme abduction so 
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that the upper ciul of the femoral shaft mav lie below the tran^iilante.1 
great trochanter. ’ ‘ 

Movements both active ami passive, sboiilil be ctiramenceil alter 
the lirst fortnisbt. W itli the resuinptian of Malting the stability of tlie 
brab IS greatly improved by the waring of a caliper for at least 12 montla. 

IJie result js go«l so far as niovcnicnt is coiicernecl, a ranffe of 
00 degrees flexion being the average result, bnf the stability of thelimb 
IS lessened, a disadvantage winch is outweighed by the great functional 
improvement produce<l by movement. 

5. Osteotomy. The simplest of all the possible operative measures, 



and the one which causes the least shock to elderly patients, is the 
operation of obhque osteotomy of the femur. The line of v eight-bearing 
in the Lnib and the site of pressure on the iliseased articular surface 
can be altered by means of an oblique osteotomy of the femoral shaft. 
This IS carried out tlirougli a S-iuch incision on the outer aspect of the 
upper end of the femur. The hne of division of the bone pas.ses from 
below upwards and inwards at such a level that the upper end of the 
osteotomy hes at the level of the lower border of the head of the femur, 
a point wliich is usually, although not alwaj-s, above the lesser trochanter 
^yter the division of the bone the upper end of the shaft is pushed inwards 
until it lies close to the lower bonier of the acetabulum (Figs. 72a and 726), 
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and is retainetl there by fixing the hip, thigh and leg in a long plastcr- 
of-Paris fipica for 3 months. 

Following the oste«)toray, the first temporary plaster is applied for 
3 weeks with the thigh flexed to an angle of 30 degrees and the limb 
abducted to an equal amount. This itxation of the limb m a position of 
flexion and abduction for the firbt few weeks is an essential point m the 
operation, preventing the tendency of the upper end of the femoral shaft 
to displace forwards. MTien the plaster is changed and the stitches 



Plo. 73. — EnJ molt of suroeaMful obU<]ue oatcotonij- 


removed at the end of 3 weeks the limb is brought to the neutral posi- 
tion, and fixed there in a spica in which the knee is bent for a period 
of 3 months. 

Certain conditions are necessary before tliis procedure can be used. 
The hip must not be fixed in extreme flexion, and if such a ileformity 
is present, the operation must be postponed until the flexion has been 
corrected, cither by manipulation, traction or transtrochanteric osteo- 
tomy. Secondly, there miust be sufficient movement at the hip-joint 
to allow adduction of the ujipet fragment to occur following the opera- 
tion. The essential part of tlie operation consists in the transference 
r.o.s. a 
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of the sliaft of the femur into the exact iiesition below the acelaldar 
margin, and the aecoiul factor, which ie equally important, is union of 
the two frajiments of tlie femur (Fig. 73). If non-union occurs at the 
site of the osteotomy the result is a weak, iiainful hip, a condition which 
18 more disaliling tlian the original osteo-arthritis, but this tragedy is 
prevented by fixation of the Jup for 3 months. 

No splint or support is usually rerpured after the removal of the 
plaster case, and the patient cam walk about with comfort and relief 
wthm a few weeks, although the improvement, ns a rule, continues for 
several months. 


Osteoarthritis of the Knee-joint 

Osteoartliritis of the knee may be present as a umlateral or bilateral 
condition. When unilateral, the condition is invariably the result of 
trauma, which may have been either one severe injury or repeated 
alight traumata, such as result from the continual slipping and locking 
of a Ioo.se semilunar cartilage. The bilateral condition is seen in liotli 
sexes, occurring m iromen usiwlly about the menopause, and in men 
at a later age. 

Signs and Symptoms. The knee is usually thickened with con- 
siderable muscle atrophy above and lielow the joint. Full extension of 
the joint is generally impossible, and on palpation movements are accom- 
panied by a harsh grating, especially under the patella and ligamentum 
patelJtB. Synovitis may be present but is usually slight in degree, while 
the radiograph (Fig. 74) shov« sharp bony outgrowths at the articular 
margins of the femur and tibia, and, in the lateral view, at the upper 
and lower edges of the articular surface of the p.atelia. The patient 
often complains of pain in front of the joint under the liganientuin 
patell®, and may also complain of pom along the line of the articular 
surface of the tibia. Frequently, as a result of a twist of the joint, 
pam is complained of along the line of the internal cartilage, and unfor- 
tunately a iriistaken diagnosis of derangement of the cartilage is of 
common occurrence. In a ses'ete degree of osteoarthritis the knee is 
fle.xed to 20 degrees or even 40 degrees. Flexion is possible to beyond 
a right angle, but e-xtension of the joint is impossible owing to the ma.ss 
of bony outgrowrths round the articular margins. 

Tbkatsibnt 

General treatment, as desenlwd for osteoarthritis, .should be instigated 
in an attempt to eradicate any persistent sepsis. Locally, the tliickened 
and tender portions of the lining membrane of the joint and the enlarged 
post-patellar pad should be relieved from repeated injury by jirevcnting 
full extension of the joint in walkmg. IFith the roughened articular 
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surfaces of the femur, tibia and patella, full extension of the joint leads 
to nipping; of the post-patellar pad. This results in effusion into the 
pad, n'hich becomes thickened and more likely to be nipped again. 
Relief from this nipping is pro^detl by raising the heel of the shoe at 
least three-quarters of an inch so that the knee remains slighty flexed 
in walking. With relief from injury the thickening of the post-patellar 
pad gradually diminishes, and further painless e.vtension of the joint is 



I'lo. 74 — O^tpoflrtbnlw of Knep-jniiit. 


possible. In addition to raising the heel of the shoe, the knee should 
be protected by a large horse-shoe pad of felt and flannel bandage, 
which support the joint and at the same time jirotect it from cold. 

With very extensive osteoarthritis of the knee which is causing great 
pain and disability, arthro«lesis of the joint Ls often necessarj' and may 
be the only method by which the function of the Imib can be restored. 

Occasionally, when the arthritic changes are almost entirely confined 
to the patello-femoral articulation, removal of the patella is followed 
by considerable improvement in function, but the operation is one 
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which should he lindertokea only after very careful consideration of the 
conditions present. 

Loose Bodies in an Osteoarthritlc Knee 
Occasionally, portion.? of cartilage or cartilage and bone are brolcen 
off from the articular surfaces or from the articular margins and remain 
loose in the joint, causing sjTnptoms of locking at different areas. The 
presence of such a loose Iwdy is Lkely to cause an increase in the osteo- 
arthritic condition and, if recogmzed, it should be removed by operation, 
the patient being mfonned that sucbTemoval vrill delay further destruc- 
tion of the joint, but cannot cure the condition of arthritis already 
present. 

Osteoarthritis of Other Joints 

Osteoarthritis of the spine is considered in Chapter XIII, while 
osteoarthritic changes in other joints arc dealt with on the lines already 
indicated. 


NEUROPATUIC ARTIIRITIS 

Charcot’s Joints 

This condition, which was previously considered as being invariably 
due to a previously acquired syphilitic affection, is row recognized as 
occurring in syringoniyeba, myelitis, involving paraplegia and peripheral 
nerve lesions, As a rule, one of the larger joints is affected, tlie knee, 
ankle, shoulder, hip or intervertebral joints all being affected by disease 
on occasion 

Clinical History. The onset of the disease may lie gradual but, 
as a rule, the patient notices that the affected joint become? distended 
with fluid, the occurrence being cbaractcristically Paulies'*. The swellmg 
remain? for a few weeks and gradually subsides, leaving the joint 
abnormally lax with excessive movements in all directions. One or 
more other joints may become similarly involved, while occa.'^ionally no 
further sign of the disease appears, the patient apparently being 
cured. 

The outstanding clinical feature of the disease is the entire absence 
of pain at any stage, even in the presence of great swelling or the c.xcc8.sive 
creaking and grating which are always present when the joint is moved. 
This feature is usually sufficient to distinguish the disease from other 
forms of arthritis. 

Radiographic Appearances. The articular surfaces are dcstro>eiI, 
and in many areas extensively absorbed, while at tlie eilges of the articular 
margins and on the joint capsule flakes of new hone are deposited (Fig. 70). 
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Pathological Changes. AVidespread destruction of the articular 
cartilages and of the underl}’ing bone occuw with eburnation and round- 
cellefl infiltration of all the ligaments and capsule of the joint. Tie 
sjTiovial membrane is covered on its inner aspect by an incomplete layer 
of fibro'Cartilagiuous tissue, presenting villous proce&ses and polypoid 
masses. This pannus often extends over the bone ends. 



Fia. 7.>.— Chan-ot’a dijca«<> of Ihr Rnw-joint, eltowing of outline and new bone 
fornuition. 

. Tre.wub>jt 

im-rtsuKis have no effect tm the progies.s of Charcot’s 
disease once it lias developed. Locally, support of the affected joint 
by plaster or splints helps in reducing the fluid present, and enables 
the patient to use the limb. In a young patient operation to stabilize 
the flail joint is justified, although the chances of succeas are comparatively 
slight. Occasionally, nnth extreme destruction of an anlcle-joint, ampu- 
tation is advisable. 


CHAl’TER XII 
EPIPHYSEiVL AFFECTIONS 

OSTEOOUONDRITIS DEFOItMAES JUVENALIS, PSEDDO- 
COXALGIA OR LEGG-PERTIIE'S DISEASE' 

An affection of the hip-joint of which the first clinical signs appear 
usually between 5 anti 10 years of age, occurring more commonly in 
males than in females The ranous titles which have been given to 
the condition indicate the ideas of their originators ns to the cause of 
the disability. 

Etioloct 

^Vlthough numerous suggestions have been advancetl os to its etiology, 
nothing definite is kno^^l, two mam theories being held in regard to 
its causation : , 

1. Traumatic. 

2. Infective. 

Traumatic. Legg, who originally described the condition, first 
su^^ested that nil the bone changes could be explained on the theory 
that the condition was the result of trauma to the cervical region of 
the femur. Following an injury not sufficiently severe to produce a 
fracture, tlie blood supply to the upper femoral epiph^'sis was obstructed 
and diminished, whilst that to the remainder of the neck of the femur 
was increased, leading to a disintegration of the epijihysis and a con- 
current liypertrojihy of the cervLx fcinons 

Infective. The second theor)*, that alterations in tlie hone result 
from mild septic infection of the neck of the femur, is supporteil by 
several authorities, and the basis on which this theorj' rests is the dis- 
covery by Fertile, Kidner and others that from bony tissues removed 
from tlie affected area organisms hasx been grown of width tlie most 
common was the staphylococcus aureus. Again, pathological examina- 
tion of the tissue so removetl Jiad disclosed that the bone clianges were 
such as might be ex]iected to result from septic infection rather than 
from trauma. It is difficult to decide as to the relative truth of these 
Awx) .tltf*nrie.i. but the fact that the disability frcfiuentjy foUows on the 
reduction of a congenital dislocation of the hip, c.specially wlicre e.vcesaive 
trauma has been employed, and that no instance of osteomyelitis com- 
plicating pseudo-coxalgia has been rqiorteil, would suggest that the 
traumatic theorj' has more fonndation for its support. 

16R 
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Cu>acAi. Features 

As a rule, the first noticeable sign of the disability is the occurrence 
of an mteimittent Hnip, TS'hich usually appears after exercise and dis- 
appears following rest. The liin]> may be noticerl at any age between 
2 and 18 years, but. as a rule, it first becomes evident between 5 and 
10 years of age. At first it appears to be verj* slight and may give 
rise to little concern on the part of the parents, but gradually the bmp 
increases and becomes so noticeable that a<lvice la sought. 



Fia. 76 — 'DiUteral Perthe'* ehouiiig mu<hroofD type in nne hip, mp type in 

other 

On examination of the child it is found that the leg on the affected 
side ia either etjual in length or not more than one-quarter to half an 
inch shorter than the other. The great trochanter is slightly more 
tjtominent thaxiL no. the. nnnnni ami tb* ia us.ua.% hidfL in 

very slight abduction. When the active and passive movements at 
the hip-joint arc exanunftl it is found that, while flexion and extension 
are normal in range or restricted ton minimal degree, aI«luction, adduc- 
tion arid rotation are considerably ditninisheil. 

Radiographic Appearances. Definite radiographic change.? are 
usually apparent as soon as the first ugns of limping have iVrawn atten- 
tion to the condition. The upper epiphysis of the femur appears, either 
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ns a small pointed cap perched on the end of the neck of the femur or 
as a broad fragmented and flattened cover over the metaphj’sis (Fig. 76). 
The neck of the femur itself is considerably thickened, and definite 
cystic spaces can occasionally be distingtushed in its substance. The 
upper border of the acetabulum may also be somewhat fragmented 
and may sliow similar cystic ca\'ities. . The joint space between the 
femur and the acetabulum remmns iiomial in size and does not show 
the narrowing which is indicative of a true arthritis. 

' Differential Diaonosis 

Tuberculous Arthritis. Before Legj’s description of the condition, 
osteochondritis juvenalis was considered to be a mild type of tuberculous 
arthritis and was treated as such. The differential diagnosis as between 
these two conditions is, ns a rule, comparatively easy; the free flexion 
and extension and the ratbograplilc changes, combined with the presence 
of a normal joint space, indicate the true nature of the disability. 
Occasionally, some difficulty may be encountered in the diagnosis of 
tuberculous osteitis of tbe neck of the femur, where the changes may 
bo curiously similar to those of osteochondritis, and wliere the restriction 
of movements may be of a somewhat similar type. Here the differen- 
tiation depends ou the presence of tho fragmentation of the epiiihj"8is, 
which is always present with osteochondritis juvenalis and never in the 
case of tuberculous osteitis. 


Frounosis 

Even without treatment, considerable improvement may occur in 
the condition of the head and neck of the femur, and occasionally tlie 
restoration of the architecture of the bone may even be complete. As a 
rule, however, if efficient treatment is not employed the neck of the 
femur remains thickened and the head enlargeil witii an irregular, rough 
outline which predisposes to the development of osteoarthritic changes 
in later life. 

Trbatjient 

In the early stages, when the hone changes arc progressing, as 
evidenced by the presence of protective muscle spasm round the joint, 
definite improvement usually follows on relief of the inflamed tissue.? 
from weiglit-hearing. Prolonged immobilization of tbe joint is not 
necessary, and movements without weiglit-lwaring may be safely allowed 
as soon as muscle spasm has disappearetl. The routine to be followed 
is simple, extension is applied to the limb until any deformity already 
present has been corrected, and this fixation is maintained for 4-8 weeks 
until periarticular muscle spasm has disappeared. Free movements of 
the joint m bed without weight-bearing arc tlien permitted for at least 
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0. months. Sulnequently tho child is allowed to walk without any 
form of protection, the only proviso being that, on any complaint of 
aching or tiredness in the hip, rest .should be resorted to immediately. 

The improvement in the shape of the femoral head and the acetabular 
cavity depends largely on the period of rest given to the affected tissues. 
Tlie longer this period tlie greater the improvement. Danforth has 
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sugKested that this period of relief from weisht-hearing should extend 
over 5. years, an idea! which cannot often be attained for economic 
reasons. The rcsiills obtaiawl by this form of treatment are, on the 
whole, excellent. In many instances the deformity of the femur dis- 
appear.*, leaving an apparently normal joint, whilst in the others improve- 
ment is the rule (Figs. 77ei and 77ft). 

During adolescence when the signs of irritation have disappeared 
the patient feels no disability and complains of no pain, although occasion- 
ally aching in tiic hip is present i» those patients in whom there is still 
considerable bony deformity. This period of relief usually lasts until 
the patient is between 30 and 50 years old ‘when the rcpeate<l irritation 
of the acetabular cavity by the irregularly shaped femoral head leads 
to the development of osteoarthntic clianges (Fig. 70). the treatment 
of which is described in Cliapter XI. 


EPIPHYSITIS OF TUB TIIilAL TUBERCLE, OSGOOD- 
SCilLATTEIt DISEASE 

This disability, which was first described by 0«good, consists in 
injury and, in some cases, fragmentation of the epiphysis of tJie tihin] 
tubercle, accompanied by pam, tenderness and occasionally swelling 
over the site. The condition occurs more frequently in boys than in 
girls, and may be bilateral but. as a rule, it is confined to one leg. 

The symptoms and signs, which are localized to the region of the 
injured area, consist of pain and tenderness on pressure over the site 
of the tubercle. The pain follows on active use of the limb, disappear- 
ing with rest and reapjioarmg with exercise, especially with sucii games 
as football The tenderness remain* until the inflaminatory changes 
disappear. 

Radiographic Changes. These are not often distinctive, and the 
diagnosis can rarely be made on tliem alone. Tliero may be sonic eleva- 
tion of the tubercle from the suiiace of the tibia, and in a few instances 
definite fragmentation of tbe epiphy.si3 is aho present, tlie decision ns 
to the jireseiice of abnormal changes in the cpipb^’sis being based on a 
comparison of the radiograph of the affected hnib with that of the normal 
side. 

Treatmcjtt 

In the very acute stage, with swelling, tendernes.* and pain over 
the tdiral tul>ercle, complete rest should be given to the joint by the 
u«e of a straight posterior splint at the back of the knee for 2-3 weeks. 
When tbe acute signs have disappeared more and more freedom may 
be permitted, the tender are.a being supi»rt«l by a circulir strap ojiplied 
over that area and round the leg at this level. Heat, by radiation or 
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hot packs, helps to reduce tlie inflammation, and gentle massage of 
the area often relieves the tissues. 

Occasionallv the temlerness and sweUing of the affected area persist, 
in spite of every form of conservative treatnjent, and, if the discomfort 
is extreme, relief can he obtained by opening or drilling the tubercle and 
the underlying diaphysis. Through a small lateral incision a drill or a 
narrow chisel is driven tlirough the tubercle into the tibia below, no 
fixation is necessary and the relief of pain is usually rapid. 

APOVIIYSlTIfi OF THE OS CALCIS 

Inflammation and irritation of the cpiphj'sis on the posterior aspect 
of the os calcis h often seen in children, especially m boys between 
8 and 14 years of age. The chauges consist in swelling, tenderness and 
apparent enlargement of the epiphysis, the clinical and radiographic 
signs being almost identical with those found in Osgood-Schlatter disease 
of the tibial tubercle (Fig. 78). The cause of the two disabilities would 
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appear to be similar, being the result of excessive strain on the epiphysis 
by the powerful muscle masses which are inserted into those areas. 

The ayuiptoms and signs of the condition consist in pain, tenderness 
and swelling over the affected area, the severity of the symptoms being 
definitely increased by garae.s or active physical exercises. 

Treatment 

Pain and tendenwsa are both relieved if the heel of the shoe is raised 
4 to I of an inch. The relief is still greater if the stiffening is removed 
from the posterior part of the upper of the shoe. By this simple procetlure 
the tension on the epiphysis is reduced owing to the relaxation of the 
calf muscles, and the tenderness gradually disajipears in the course of 
2-3 months. The final result depends on the length of time between 
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the onset of the inflammatory changes and the commencement of treat- 
ment. If this interval is short, restoration to normal is to be expected, 
but wliere bony enlargement is already present, the j)re.‘^ure of the 
back of the shoe may produce a bursal swelling at a Liter date. Tliese 
hursaj form usually between the skin and the tendo achiilis, but may 
occasionally be present between the tendon and the bone. Pehef from 
pressure can be obtained by removing the stiffening from the back of 
the shoo, but if the swelling is large it may he necessary to remove it 
together with a portion of the enlarged hone. 

Through a lateral incision on the outer side of the temlo achUlis 
the bursa is dis-sectcd from its coimectloiis, and after retracting the 
tendon, the uyiper enlarged portion of the os calcis should he removed 
by a sharp chisel. The after-treatment is similar to tliat employeil in 
treating the acutely inflanievl bursa, namely, rest, followed by a temporary 
raising of the heel of the shoe. 


COXA VAHA 

In a normal adult the angle between the shaft and the neck of the 
femur is 126-130 degrees. In children the angle is usually considerably 
greater, and may be 150-160 degrees , any considerable decrease of 
this angle constitutes a deformit)' whidi is described os coxa vara. The 
alteration in the angle may he slight, or may be so great that the head 
and lower border of the neck of the femur lie along tlie inner aspect of 
the shaft. Combined with this alteration of (lie angle, there is also in 
this deformity a definite twi.sting backwartls of the femoral neck, so 
that the mechanics of the Joint are interfered with in two planes 

Types or Coxa Vara 

Congenital. A tjpical coxa vara defonnity of the neck of the 
femur may occasionally be discovered os a congenital deformity without 
any other obvious bony ahnomiality Iwuig present, but, ns a rule, a 
co.xa vara deformity of this type is ossociatevl vnth congenital dislocation 
of the hip-joint, or with some other maklev'clopment of the pclns. 

Acquired Coxa Vara— Bone Softening. Any general or local 
disease of bone which results in softening or weakening of the femoral 
neck usually leails to the appearance of a coxa vara deformity through 
the action of body-weight. The moat common of these genprahze.1 
bone diseases is muloubleilly rickets, which is also the most frequent 
cause of coxa vara deformity in chiklren (Fig 79) (’hnitges of a similar 
tv-pe in the an^le of the hone are abo seen in the rarer bone dise.is^s, 
such as osteomalacia or osteitis fibrosa, in which the angle gradually 
diminishes and the tjpical deformity appears 



COXA VARA 


173 



Fractures of the Neck of the Femur. Alterations in the normal 
alignment of the upper portion of the femur may nho follow on fractures 
in the region of the femoral neck ; liere, as a result of imperfect align- 
ment, union of the fracture may take place m a poeition of co.ta vara. 
In children this is especially noticeable where fractures in this region 
are often of the greenstick variety, incomplete reduction of the fracture 
is the rule rather than the exception, and the deformity of coxa vara 
frequently persists. 

supped Femoral Epiphysis. Slipping upwards of the neck of 
the fenmr on the head at the level of the epiphyseal cartilage is a com- 
paratively common displacement, and is usually seen m children between 
7 and 14 years of age. Following some injury, which may be com- 
paratively slight, the neck of the femur slides upivanls and fonvards 
BO that the head is forced into the postero-inferioT area of the nceta- 
biiluni ; sucli a disidacement may be imllatcra! or bilateral. In the 
unilateral tj-pe the patient is apparently healthy and normal in size 
for Ills years, and the lustorj' of injurj' giwu is u-sually .such as would 
indicate a severe transmitted injury- to the joint — the mast common 
storj- being of a jump from a height. The radiograph shows the dis- 
placement upwards of the neck of the femur \vith apparent di.splacement 
downwanls of the head (Fig. 80). 

In the bilateral t^qie the patient showB the t}q)ical Frolich syndrome, 
being exce.s.sively fat with evidence of disturbance of some of the intemnl 
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I’ll.. 81).— filii'pmg (vt the upper opipb>«e*i Lne (if the rriiiur. 


secretory glajululitr /iinetionH Tims, in bop, unilesccmletl testes may 
often be i^emnd in assocmtjoii with tbe displacement. In tins ty]>e of 
patient the lesion usually occurs first on cue side, ftiid later the other 
Lip shows tile same displacement without any history of accident. In 
addition to the displ.'iccinent the rndiograpli usually slioivs e.xfensivo 
decalcification of the neck of the femur, es[»ecia!Iy at its inner inferior 
margin. Although some slight injury may have lieen the determining 
cause of tJie displacement, a predisposing factor was nlre.idy present 
in tbe pre-existing softening of the neck of the femur. 

Infantile Type. A separate ami distinct type of coxa vara has 
been described by Fairbank as the infantile tj-pe of coxa vara, nlthoiigli 
the condition should probably be included amongst tbe true congenital 
deformities Figs. 8(a ami 816 lUustrafe thfe infantile ty[)c, wiiich is 
characterized by tbe presence of a small triangular wedge of bone m 
the lower border of the neck of the femur, separated by a distinct gaji 
from the remainder of the neck of the femur. The origin of this sei).irute 
bony mass lias been discussed, and suggestions liave been made that 
the separation is tlie result of a fmetnre, but the frequent occiirrcticc 
of the condition as an ecjual bilateral deformity rules out this ptigge.stion. 
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I'Hr. sin.— Infantile ('•o*n Vnra.nhou Kh-. t*lt» --Infantile f'nxii Yarn after 
in.g typical tnangiihf piew of IxnH in Triin»tMx'hantcnc Osteotomy 

infcrioT bonier of ne<.k 


It IS probable that tliia trianjnil^r mass is developed from a separate 
ossific centre. As the child prows the line of separation between the 
neck of the femur and the Inangular mass graduallv duappenrs, rnth 
bony fu-sion between the separated portions of the neck and mth the 
persistence of the co.ra vam deformity. 


Sioys AND SvsiPTOJi.s OF CoxA A’aba 

“ "iVith the alteration in the angle of the neck of the femur the great 
troclianter is raised above Kclaton’s line to a degree coirespondlnp with 
the severity of the deformity. In a unilateral deformity the affected 
leg is shorter than the normal, and the range of movement m the hip is 
restricted in certain directions. Thus, abduction is diminished or even 
lost in a severe deformity, whilst the range of internal rotation is definitely 
decreased. At the same time the movements of adduction and e.vternal 
rotation at the joint arc normal or shghtly increased. 


Diffebentiai/ Diagnosis 

This usually presents little diiBculty; occasionally there may be 
some doubt as to the differentiation of this deformity from congenital 
dislocation of the hip, bnt the absence of telescoping and the appreciation 
of the presence of tlie femoral head in the acetabulum is sulhcicnt to 
distinguish the two conditions. 
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Treatmbsit 

Treatment naturally depcntU on the cause of the deformity. In 
the presence of active rachitic changes, rest in bed and anti-rachitic 
treatment result in a sJon- but steady increase in tfje angle and, as a 
rule, in this tj'iie of coxa var^ no operative correction is necessary. 

The treatment of slipping femoral neck, or slijijjing femoral epiphysis 
as it is more commonly calJeil, dej^ends on the lengtli of time winch ha.s 
elapsed between the displacement and the commencement of treatment. 
In the acute case in which the lesion has been discovered soon after its 
occurrence, continuous, prolonged extension on the affected limb usually 
results in a rapid restoration of the nonnal position \ntliout any sub- 
sequent interference with the movements of the hip-joint At this 
stage, restoration of the exact anatomicil position can also be effected 
umler anirstbesia by traction, alxluction and interna! rotation of the 
leg— the manipulation advised by Whitman for reduction of a fracture 
of the neck of the femur. This method, whilst effective m restoring the 
normal anatomical aligftmentof the femoral neck, is often followed by a 
limitation of movement in the joint cvjth irregularity of the head of the 
femur. 

As the inter\’at between the occurrence of displacement and the 
commencement of treatment lengthens, the difiiculty of reduction in- 
creases until such replacement is only possible by osteotomy of tlie neck 
of the femur through the united line of displacement. Although such a 
procedure may give an anatomically correct reduction of the deformity 
the clinical result is unsatisfactory. Giving to the interference with 
the blood supply to the hea<l of the femur, non-union of the fracture or 
partial ankylosis of the hip-joint commonly result, and the operation 
cannot be adnseil. WJien the displacement is of long standing the 
upper bonier of the neck is convex in outline and the lower border 
definitely concave. A transveree liony ridge is usually present on the 
upper border of the neck, representing the upper and inner margin of 
tlie displaced femoral neck. Operative removal of tins bony ridge, 
although possible, is followed by an increased limitation of movement 
and considerable pain, and, although the procedure may bo successful 
as far as the radiographic appearances go, the rlmicnl result is alnajs 
unsatisfactory. 

At this stage, in the presence of the transverse ndge, improvement 
in function can only follow on osteotomy of the femur, of the ty|)e useit 
in the treatment of any coxa vara, by which the angle of flie neck la 
altered and the alignment of the femur restored to normal 

Before performing an osteotomy of the upper part of tlio femur 
for the correction of co.xa vnra deformity, the surge<>n must ni.ske sure 
that adduction of the hip is free, because, if this movement is restricted 
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or lost, the liip will remain fixed after oi»eration in extreme abduction. 
When free adduction is possible the deformity can, to a large extent, 
be corrected either by a simple transtrochanteric osteotomy, or by the 
removal of a wedge of bone from the outer aspect of the femur. 

1. Transtrochanteric Osteotomy in which the femur is divided 
from above downwards and inwanls through the regions of the trochanters 
(Fig. 82). After division of the bone the limb is abducted so that a 



Fig. 82. — Drawing of Tramlrochsntcnc Osteotomy. 

{•!) Site of O'lteofom). (A) PoelUon of fcnnir •fitr aWucUvD, new tone funiilag In gap. 


gap is left in the line of the osteotomy at it.s lower end. Traction is 
continued uninterruptedly at this angle, the patient being retained 
during the correction on a frame, the angle of abduction being judged 
according to the degree of the deformity. Fixation is continued until 
the gap in the femur fills up with new solid bone. Subsequent treatment 
consists in non-weiglit-bearing exercises for 2-3 months, followed by 
free use of the limb. 

2. Wedge Osteotomy. In this procedure a small wedge of bone, 
with the base outwards, is taken from the region of the base of the 
trochanters. By abduction of the thigh the wedge is now clased so 
that the angle between the neck and the shaft of the femur is altered. 
The hip is then fixed in a plaster-of-Paris case in full abduction until 
the osteotomy has -joineil, when walking may be permitted Avithout 
support. 
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KIENBOGK'S DISEASE OR OSTEOEOROSIS OF THE CARPAL 
SEMILOEAR 

The occurrence of the osteoporosis aiwl fragmentation, wlucli is 
characteristic of Kicnhock’s ili^ease, affects not only the carpal semi- 
lunar but is occasionally seen m the other carpal bones, especially the 
scaphoid and tlie trapezium. Trauma, of a inihi tj^e, would appear 
to be the e.xciting cause, a severe strain of tiie wrist is followed liy paiu, 
which rapidly dinunishes but reappears after a quiet interval of one 
or two months. The radiograph taken at the time of injury shows 
no abnormahty, but later shows a narrowing, and in some cases a frag- 
mentation of the semilunar svith cirtensive osteoporosis of its substance. 
With continued use of the joint p.'im persists and increases, while swellmg 
and synovitis of the jomt arc evidenced by the disappearance of the 
normal hollows on the back of the wrist If the condition is ignored 
arthritic changes appear on the «lge of the scaphoid ond of the neigh- 
bouring articular surface of the radius, with an increasing limitation in 
all the movements of the joint and with persistent pain 

The diagnosis is made by the recognition of tlie localized area of 
osteoporosis, and hy the presence of normal interosseous spaces between 
the Bemilunar and its articulating bones. 

Treatment 

Conservative. Tlie most satisfactorj* type of treatment for the 
condition is prolonged immobilization. The wrist is fixed in a plaster 
case in slight dorsiflexion for at least 3-C months, or until the radiographic 
appearances indicate a recalcificatiou of tlie affected bone. 

Operative, If this form of treatment is to be employal it should 
be given a fair trial, As a rule, removal of the alTected bone is under- 
taken only m those jiatients w'lio have not done well under prolonged 
conservative treatment, and in whom arthritic cliangc.s ore already 
present. Henioi'al of the bone, if it is to be oniplnyed, must bo done 
early and completely. The aflectcil bone must not be levered out of 
its bed, but should be removwl l>y dissection without trauma 

Following the removal of the bone the WTist must be iinniobihzed 
for at least 4 weeks, and for a further perio»l of 2 montlis heavy manual 
labour should be avoided. If the affected lionc is removed before arthritic 
changes have appeared in the joint, the function is good, hut removal m 
the presence of arthritis Aoes mi the rn»ibtj/>n of the writt 

or its function 

Arthrodesis of the Wrist. In the later stages, « lien a painful 
arthritis is alrciuly present, and any movement of the joint is extremely 
painful stabilization of the wrist by arthrodesis imjiroves the power of 
grip and enables the patient to resume heurj' manual hiboiir. 



CHAPTER XUl 


NON-TUBERCULOUS .\FFECTIONS OF TilE SPINE 
KYPHOSIS 

At birth, and for the first C montlis, the spine of the normal recumbent 
child appears as a straight line from the occiput to the sacrum. Later, 
when the child i.s held in the sitting position, the alignment is altered, 
a long gentle posterior curve being developed from the occiput to the 
sacrum. Still later, this posterior cuni'e disappe.irs m the cer\ncal and 
lumbar regions, so that in time, with the as.suniption of the erect position, 
the normal anterior curves are present in the cervical and lumbar regions 
with a posterior curve in the dorsal area- Any considerable increase 
in the normal posterior convexity of the thoracic spme is defined as 
kyphosis, whilst an increase in the anterior lumbar curve is described 
as lordosis. 

The rertehral border of each scapula lies parallel to, and about 
1^-2^ inches from, the spinous processes of the vertebra. In this position 
the scapulae help to fill the space on each side of the spine, producing 
the normal flat appearance of the back. The scapulae are retained in 
clasc proximity to the spine solely through the action of their muscle 
attachments, and, if this muscular control be defective, the scapulae tend 
to fall forward and downwanl, leaving the thoracic spine convex both 
posteriorly and laterally, a condition which is described ns round back, 
or round shoulders, 

noUXO PACK 

This condition is seen in its most tj’pical forms in children of abnor- 
mally low muscular development, or m otherwise normal children after 
a severe debilitating illness followed by loss of muscle tone. As the 
shoulders fall, not only forward but abo downward, the apparent length 
of the neck is greatly increased. The heacl is pushed forward from the 
upper dorsal vertebra?, leaving the spinous proce.sses of the lower cer\’ical 
and upper dorsal vertebra? unduly prominent. Accompanying this 
projection of the head and incrcaseil kyphosis of the dorsal spine, there 
.if a? .nsi’Efliilfvnfilil? jwweifsir h/mhcc «r>ViWiigiV ovasNiwHirdy 

the spine retains its infantile appearance of n single posterior curve 
extending from the occiput to the sacrum. In the early stages of the 
deformity the movements of the spine ate normal, the abnormal promi- 
nence of the thoracic region disappearing on recumbency or on strong 
mu.«cular effort, but if the deformity is of long standing, mobility U 
often lost and complete correction becomes impos-sible. This rigidity, 
which is at first caused solely. by the li^mentous and muscular con- 
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tractions, may later become a trae bony deformity owing to secondary 
wedging of the anterior aspects of the affected vertebra). 

Symptoms and Signs 

Tiiese children are almost invariably overgrown with weak muscular 
development. They are usually flat-footed, walking with t)ie feet 
widely everted, and \vitii a prominent abilomen The head projects 
forwards and downwards, and life is often a burden to them on account 
of constant parental conunamla to sh-ind straight, winch simple act is, 
for the more advanced type, an impossibility. TIjey are noticed to be 
extremely clumsy in all their movements and ate particularly poor at 
games or gymnastic exercises. One of their most obvious characteristics 
is their lethargic and even dull outlook, from which they readily recover 
with improvement of the spinal deformity. In most cases the condition 
13 entirely p-amless, and advice is sought solely on account of the deformity, 
but occasionally the child complains of slight aching in the lumbar 
spine and over the back of both bps ami thighs Sometimes also aching 
IS complained of in the feet and legs, probably the result of the constant 
strain on the ligaments and muscles of the legs caused by the ahrluctcd 
and everted position of the feet. 

OirFERCNTIAL DUGNOSIS 

This usually gives little ilifliculty ; the clmicat appearance of a long, 
gradual type of kj^ihos, freely movable in every direction, with normal 
radiographic appearances and without pam, eliminates al] the mure 
serious types of spinal involvement. 

Treatment 

If efficient treatment is started at an early stage before the deformity 
has become fised, correction is comparatively easy. Obvious errors of 
posture, such as the habit of sitting with the shoulders hunched over 
lessons, must be corrected. Suitable clothing must bo worn, and this 
must be so designed that it docs not drag unduly on the shoulders or 
prevent full expansion of the chest. Errors of sight, which might lead 
to the adoption of an unsatisfictorj' position while reading, must be 
dealt with by suitable glasses. In addition, light muscuLir exercise-s, 
such as the movements of swimming ivhich can be easily carried out 
on the floor, must bo started imme«liatc!y and continued until correction 
18 complete and the child can hold the spine straight without undue 
effort. In addition to the ordinary exercises, great stress must l)e placed 
on deep breathing, which should be carried out m the recumbent position. 
If rigidity has already developed, treatment shouM consist of recumbency, 
combined with the use of a small hard pillow between the shoulders 
and the floor, thus tending to produce the maximum correction of the 
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deformity. In prescribing exercises the surgeon must remember that 
the weak musculature of such a child can only be improved by exercises 
which are light in character, and that the condition vdll Ijecorae worse 
if the child is subjected to unnecessarily severe muscular exertion. 
Special braces of all types are inadvisable, because the patient relies on 
tlieir support and does not moke the voluntary effort necessary' for 
correction. 

In addition to the infantile type of kjTihosis, just described, the 
deformity occurs at two otlier widely separated age periods. Thus, the 
comparatively rapid development of kj'phosis m the adolescent has 
been fully studied by Scheuermann, whose name is usually given to 
the deformity. The otiier type of kj^ihosis, which occurs in old age, 
is a slowly increasing deformity', to which the description senile kyphosis 
is usually' applied. 

ADOLESCENT KYPHOSIS OR SCHEUERMANN'S DISEASE 

In this condition the deformity affects chiedy the mid* and lower 
dorsal regions of the spine, and although affecting either sex it is more 
commonly seen in boys between the ages of 14 and 17 years, either in 
those who arc employed at heavy manual labour, or ns n sequel to some 
severe illness. 

The kyphosis, which is confinwl to the mid- and lower dorsal regions, 
usually involves an area c.xtcnding over 3, 4 or 5 neighbouring vertebrse. 
The normal anteio-posterior curve of the 
spine in this area is greatly' increased, and 
the abnormal prominence does not dis- 
appear entirely, either on recumbency or 
on suspension (Fig. 83). Some degree of 
aching is frequently present, but definite 
pain is uncommon, and if the deformity is 
left untreated it tends to increase slowly up 
to the age of 20 or 21 years. .As a rule, 
radiographs taken in the antcro-posterior 
plane show little oi no abnormality, but 
the lateral view shows distinct wedging of 
the anteiioT honlera of the affected vet- 
tebraj with fragmentation of the upper and 
lower epipliyseal plates (Fig. 84). This is 
especially seen at their anterior borders, 
this portion of the plate usually appearing 
as small isolated fragments of bone, 
separate and distinct the bodies of 

the vertebrse. At first the intervertebral 



Fio. 83. — Scheuennann's dL««i*c 
of the doniftl spine. 
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discs appear tnottle*! and irreguLir, but later they become more clearly 
defined. Scheuermann has suggested the analogy of the condition, with 



Fio. 84 . H iiliograj)?! Ilf nrlf Srhrttmnitim'K rhonlne fmgriuiitatMii ot 

nnil ^aHv fiirmatioii 

Legg-Perthe’s dise.ase, and siiggests tlwt the fragmentation of the 
epiphysis i.s the result of abnonnal pressure on the i'towing epiphyseal 
plates (Fig. 85). 
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Tlie "work of Schmorl lias suggested anotlier possilile explauation of 
the condition. In his opiuioii. the plate-hke e|)ipliyses on the upper 
and lower surfaces of the horly of a %'ertchr.i act as huffers against the 
protrusion nn<l .spreail of the nucleus pulposus of the inter\’ertei)ral 



Tio. 8i. — Olil SihoiKmiatina shonmg mirkwl wedging of the vertehne 


disc. If this epiphyseal plate ia in any way deficient, the nucleus pro- 
trudes from its normal site into the substance of the epiphysis, diminish- 
ing or de.stroymg the hlooil supply to tlie anterior portion of the plate, 
thus producing a fragmentation and consequent interference with 
growth.. • 
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Tseatmcwt 

While the condition is acute and the deformity is increasing there 
is a possibility of at least partial correction of the curve, hut as soon as 
consolidation is complete and the angle of deformity has remained 
unaltered for some months, then the time for correction has gone. Qinic* 
ally the period of increasing deformity can he determined by the presence 
of aching. If the patient states that there is aching in the back on 
prolonged standing, and that this discomfort is relieved by recumbency, 
it is probable that the deformity is increasing, but when this period 
of aching has ceased, consolidation has almost certainly occurred In 
the acute stage, while some correction is possible, the patient should 
be placed on a slightly convex frame, on which graMty tends to correct 
and not to increase the deformity. This position should be maintained 
as long as improvement is occurring, after which he should be removed 
from the frame and placed on a bard mattress on which exercises m 
the recumbent position should be undertaken for the following 2 months. 
This period of muscle development is as important as the period of 
conection, as during this time the muscular control is developed suffici- 
ently to en.ible him to cany on without support. If, after resuming 
the upright position, there is any tendency towards the recurrence of 
deformity, a posterior support should be applied (Fig. 8) as a temporary 
measure, until the condition is stabilized. 


SEMLE KYPHOSIS 

This IS tlie usual description of a pathological change seen in the spine 
of elderly patients, the change is characterized by a slowly increasing 
kyphosis, which is accompanied by diminution, or even obliteration of 
the normal cer\ncal and lumbar curves. As a rule, the defonnity during 
its development causes aching in the back, but on rare occasions severe 
pain may he complained of, and some form of support may be rcquiml 
for its alleviation. On account of the mcrea.sed curve the patient 
gradually loses height ; the shoulders fall forward on mg to the loss of 
muscular tone, and the lateral radiographs sliow a gradual thinning of the 
intervertebral discs on their anterior aspects, with usually obvious bony 
outgrowths from the cdge.s of the neighbouring vertebrj*. 

TREATMBirr 

If the patient complains of severe aching, relief can best be obtained 
by the application of a suitable siipport, designed chiefly to prevent tlio 
falbn-' forwards of the shoulder girdles. This object is reiwJiJy attained 
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by the use of the posterior support which, when padded with a large 
layer of felt, can be worn by these elderly patients without discomfort, 
although correction of the defonnity is obviously impossible. 


TUMOUKS OF THE SPINAL COLUMN 

Although simple tumours, such as fibromata, chondromata and 
osteomata, occasionally occur in connection with the vertebrae and their 
periosteum, tumours of tins region are usually malignant in character. 
These tumours may arise as primary growtks of the spinal column, or 
they may be secondary deposits of malignant growths in some other 
region. The primary tumours arc invariably sarcomata arising u-sually 
from the perio.steum, while the secondary depasits may be either sarco- 
mata or carcinomata. 


CJnCINOMJ 

. Carcinoma of the spine occurs as a secondar}’ deposit from a primary 
growth elsewhere, the spme becoming involved usually by metastatic 
deposit, although very occasionally it may become involved by local 
spread. As a rule, the pninary growth can be demonstrated in the 
breast, prostate, thyroid or suprarenal, although m some instances the 
secondary growth in the spine becomes evident before there are any 
clinical signs pointing to the primary focus, and in many instances it has 
been possible to detennine the site of the pnmary tumour only at post- 
mortem examination. 


CmacAL Signs 

The outstanding feature in almost every case of carcinomatous 
deposit in the spine is the intense and constant pain which occurs at 
the site ofdhe tumour, associated usually with girdle pains at the level 
of the involved spinal segment. Locally, deformity, when present, is 
slight, or may be absent ; occasionally in the advanced stage of the 
disease the tumour may be palpated through the abdominal wall. The 
movements ol Oie spine in the reguxi of the affected vertebra are definitely 
restricted, attempts at lateral movement especially causing pain. Pro- 
gress of the disease is generally comparatively slow, and, as a rule, 
after discovery of the secondary tumour a fatal result does not occur 
for 12-30 months. 

The radiographic appearance (Fig. 86) is usually quite distinctive, 
and considerable weight in differential diagnosis may be placed on this 
feature alone. It indicates that the disease is confined to one Vertebral 



186 NON-TUBEBCULOUS AFFECTIONS OF THE SPINE 

body, the intervertebral spaces above and bcIo^y being normal in size. 
The affected body is compressed in its whole extent from above down- 
wards, as the destruction of the body causes leas resistance to the passage 
of X-rays. Signs of cord involvement may not appear for several months, 
but when present they are fairly characteristic, in tliat sensation is 
involved equally witli motor function. 

While this type of single aecondary inal/gn,int deposit can be differ- 
entiated comparatively easily, secondary deposits may be widespread in 



the spine, especially in the lumbar region In this condition of carcino- 
matosis the primary growth occurs frequently m the prostate, and the 
spinal deposits are associated with extensive destruction of the pelvis, 
givin*' a radiological appearance whose differentiation from Paget's 
disease and myelomatosis may cause considerable dilliculty. 


SAIiCOMA 

This type of tumour is found nmeh leas frerpiently than carcinoma, 
and may be cither a primary or aecondaty manifestation Tho signs, 
symptoms and radiographic appearances are %'cry simiLir to tliose of 
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carcinoma, the chief clinical point of differentiation between the two 
conditions being the age of the patient, Mreoma itsually occurring at a 
much earlier age than carcinoma. 

Treatment 

The methods to be adopted in the treatment of carcinoma and sarcoma 
are identical. As excision of the diseased tissue is obviously impossible 
the main object of treatment must be the relief of pain, and if possible 
the retardation of the rate of growth of the tumour. Pain is usually 
relieved by rest and by immobilization of the spine ; thus, the patient 
can obtain some relief by rest in bed, or by the wearing of a posterior 
support, which prevents the flexion and rotation strain on the affected 
area. Deep X-ray therapy is also valuable in relieving pain, while it 
has a secondarj’ effect of producing fibrosis round the area of disease, 
thus, to some extent, limiting the spread. 


OSTEOMYELITIS OF THE SPINE 

This comparatively tare disea.se occurs most frequently in the dotso- 
lumbar region of the spine and may lie of the acute or sub-acute type 
(Fig. 87). 

The clinical signs are those of a generalized infection with pain, 
tenderness, rise of temperature, etc. The spme is held rigid in all direc- 
tions, and over the site of disease there may be found a localized area of 
mdcraa and tenderness. Although at first the disease is not accompanied 
by signs of coni involvement, paraplegia may lievelop in 3-C months. 
The radiographic appearances arc typical m the sub-acute stage of the 
disease and may be distinguisbetl from those of tuberculous arthritis by 
the involvement of several vertebral bodie.s, without any great collapse 
and with a large amount of new bone formation. This new bone is 
characterized by spike-Iike projections from the margins of the affecteil 
vertebra;, and the presence of these Bo-calle<l “ Parrots Beaks ” {Fig. 88) 
IS pathognomonic of the disen.se. 

Treatment 

As it is (thvhasly i[nis<t<scb}e to thal sac^tcaUy K-itb the ores oF disease 
treatment should consist in the administration of penicillin of an amount 
sufficient to give an adequate Wood concentration. The dosage should 
never be less than 500,000 units per day, continuetl for at least a month. 
Under this treatment the spread of the disease ceases, and although it 
may be impos.sibIe to prevent the formation of an abscess, this can be 
dealt ivith when its e.vact location has been determined. At the same time 
the arpa of disease must be immobilized on a frame or a plaster bed, and 
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the totlon «.e.n.»ine.l ..nlil the ...liostaph m,heet,., the ee^t.on of 
activity of the infective ptocc™. 


SYPHllIS or THE SPINE 

„ , a . „„„r the »i>ine may occur, cither in inhcntcdsypliilis, 

c Kt “r SSry ehigel^of the rlieeaee. In either type 
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Kin. 88. — Osteorajclitu of tlie SiMno, i>howing ” I’arrot Smk " fiirmalion 

it may produce a deformity and give ri«!e to sj-mptonis very similar to 
those found in Pott’s disea'se. 

Diagnosis. Clinically, the disease is in many instances almost 
identical with Pott's disease, basing a sharp antero-posterior deformity 
with rigidity of the affected portion of the spine. The radiographic 
changes are also largely destructive in character an<I may strongly sug- 
gest a tuberculous rather than a syphilitic infection, although in the 
typical case there is more buttressing of the spine by new bone forma- 
tion (Fig. 89). The diagnosis rests idtimately on the presence of other 
signs of sj'philitic infection, the presence of a positive ^I’assermann 
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reaction, either in the hloocl or cerebrospinal fluid, and the fact that 
the condition does not tend to improve unleas anti-syphihtic treatment 
is employed. 



no. 80 — ChiuTot’B dixtw of the bpinc. 


SrONDYWUSTIlESlS 

Allhou.,, .1,,, „ .he eo.„.on type ef 
dispSnient oeeaeionellr the 5th luml»r vertehra renieme II. It. nomal 
disploceniem, , r yertelira elides fonvord on Its upper surface, 

r. X.n -id"fc displacement of the vertehra. b»ly. a pap 
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in its pedicle on each side can l>e demonstrated by lateral radiographs. 
The gap usually occurs in the muhlle of the pedicle between the articular 
processes, the lower articular process remaining in situ with the lamina 



Vjo, 00. — Spond^Iotnlhnis of ftth lumJwr on list I'acnim. 


whilst the superior articulation remains attached to, and .slides fonvard 
with, the body of the vertebra (Fig. 90). 

As has been pointed out by Tunict, a division of the pedicles in this 
region could occur from fracture, but, as many of these patients are 
young and give no historj' of an injury likely to cause a fracture of the 
pedicles, some other explanation of the separation must be sought iu 
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a study of the development of the lower lumbar vertebra;. The ossifi- 
cation of the vertebra starts normally from three centres, one for the 
body and one on each side for the neural arches. Tliese lateral masses 
are each originally forme^ from two gramiles, an anterior, which forms 
the pedicle and lateral mass of the laxly on wlucli the superior articular 
process develops, and a posterior, which forms the lamina and theposterior 
articular mass. Failure of the nonual fusion of these two primary 
granules produces a pseudarthrosis ; yielding of the fibrous union between 
these two segments leads to the production of the typical deformity 
of spondylolisthesis, in which the body of the vertebra first slides forwards 
and then tilts downwards, so that its superior surface may look almost 
directly forward. Very occasionally the displacement does not result 
from a lesion of the arch, but from a complete unlocking of the inter- 
articular processes on one or both sides, &o that the neural arch accom- 
panies the vertebral body in its displacement. This severe type of 
displacement can only result from a severe injury. 

CniNiCAL Signs 

The displacement appears equally in male and female and is most 
frequently recognmed in adoIcsccDcc. The trunk appears unduly short, 
the umbilicus is lowered towards the pubis, a deep circular groove is 
seen just above the crest of the ilium, whilst occnsionally the body of 
the displaced vertebra may be palpated through the anterior abdominal 
wall ; posteriorly the upper angle of the sacrum forms a distinct promin- 
ence in the middle line of the back. 

The patient usually complains of aching round the loin and occa- 
sionally of weakness, and in severe cases of almost complete paral}’sis 
of the legs. Radiographs, either in the antcro-postenor or lateral news, 
are tj-pical (Fig. 90}, tliat taken in the lateral plane showing the sliding 
for^va^ of the vertebral botly, while In the antero-postenor picture tlie 
body of the displaced vertebra casts a large kidney-shaped shadow over 
the upper part of the sacrum. 

Treatsient 

If the deformity is discovered at an early stage, rest for at least 
2 months, and later the application of a closely fitting ahdominal or 
spinal support, are usually sufficient to relieve all symjitoras, and seem 
in some cases to promote an improvement in the position of the displaced 
vertebra. At a later stage, when the displacement is severe, bony 
iixatian of ibt spirA tii tlie Stb IvonWt vestebiw to that of the 4th ouA 
to the upper border of the sacrum gives great relief and restores strength 
by preventing the sliding forward of the lamina, which alone can produce 
nipping and pres-sure on the canda equina. The operation should be 
followed by a period of recumbency for at least 3 months, and the wearing 
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of an ailequate corset support is essential when normal activities are 
resumed. 

Tt.has been siigwe^tcd by Capener and Mcrc-or that a more effective 
support could he given to the slipping vertebra by tlie insertion of bony 
wedges between the anterior inferior margin of the htli lumbar vertebra 
and the upper border of tlic sicnim. Not only is tlie operation exceed- 
ingly difficult but the transferrer! Imny mass becomes compressed by the 
weight of the body, and its value is soon lost. Very occasionally, if the 
displacement has already resulted in a pressure paralysis of the cauila 
equina, laminectomy may be indicated. 


VERTEBRAL OSTEOCHONDRITIS OR CALVE'S DISEASE 

An affection of the spme which is commonly found between the ages 
of 4 and 10 years as a localized kyphos of the dorso-luinbar region, 
accompanied by pain over the site of the kyphos radiating round the 
abdomen, and clinically resembling very closely tuberculous disease of 
the spine. 

The differential diagnosis is made almost entirely by a study of the 
lateral radiographic view of the spine, which shows that only one sertebral 
body is affected. This appears fiattened, somewhat u’edged and casts 
a very dense shadow, the intervertebral discs above and below being 
unaffected. The course of the disease is u-sually short, and after a time 
some reconstruction of the vertebral body can be demoiuitrated. 

Tbeatsient 

Rest in the recumbent position for a period of 3-6 months, or tlie 
wearing of a posterior spinal support is usually sufficient to relieve the 
8}nnptom3 apd prevent furtficr compression of the affected vertebne. 


KVMMELUS DISEASE 

A condition of osteitis of one vertebral body, usually* occurring in 
adult life, in which the body* of the affected vertebra becomes gradually* 
compressed and assumes a definite wedge deformity. 

Etiology 

The etiology* of the condition is obscure, but it is now generally 
agreed that the process is not the result of inflammation or infection, 
as was originally thought, but is probably due to the occurrence in the 
body of the vertebra of a crack fractnre, which was undiscovered and 
untreated. 


p.o.s. 
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Following some comparatively slight injury the patient apparently 
recovered completely. After a varying interval of comfort there is 
usually a complaint of pain and aching which, in the absence of treat- 
ment, nia)' increase anti may he accompanied by neaLness or even by 
definite jiaralysis of the legi. 

Differbntial DiAciNosts 

From PotCs Disease. The two conditions may be distinguished by 
the wedging of a single vertebra, as shown in the lateral radiograph, 
by the absence of involvement of the neighbouring intervertebral disc.s, 
and by the absence of any shadow indicative of abscess formation. 

From Maligmnt Disease. By the wedging of the affected vertebra 
m contrast with the compression which occurs in malignant disease, 
and by tlie further resistance of the compressed v’ertebra to the passage 
of X-rays. 

From Congenital Wedging U'ith this deformity of one or more 
vertebra) there is, as a rule, no complaint of pain or aching, while the 
vertebral wedging appears in the antcro-posterior radiograph and not 
m the lateral view 

Treatment 

If the aching is severe, relief can be obtained by recumbency for a 
period of 3 months, followeil by the wearing of a posterior support for 
the following 6 months. Verj' occasionally, if, m spite of wearing a 
suitable support, aching and pain persist, a spinal fusion may be necessary. 


ARTHRITIS DEFORMANS OF THE SPINE 

Tins extremely disabling disease occurs almost invarialily in adult 
life, although a condition wluch is very closely allied to it is found occ.-i- 
sionally in cJiddren suffering from generalised rheumatoid arthritis. 

The first changes appear m young adult life in the sacro-ihac joints, 
which show extensive destruction proceeding steadily to ankylosis 
(Fig. 91). Later, calcification and ossification occur in tlic ligaments 
and periosteum of the affected areas of the spme The process of altera- 
tion of the ligaments into bony masses appears first along the anterior 
or lateral ligaments of the spine, and la accompanied by atrophy of the 
intervertebral discs, which occasionally also show definite calcification, 
leading to a still greater rigidity. 

Under the general title of arthritis deformans are included typc.s 
whicli, though differing from each other in some respects, show little 
distinction in their etiology or in their pathological ba-sis. Thus, the 
condition may be classified under four headings : — 



ARTHRITIS DEFORMANS OF THE SPINE 195 

I. In the first group are iocludcd those patients in whom the 
calcification is simply a manifestation of a generalized infective 



Flo Dl. — SpomJylilU «Jf Lombar Sj^nr, showing aijLi’lfww of both 
saero-iliae jmnta. 

polyarthritis, in which the spine has been involved together wth 
most of the other joints in the body. 
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2. Wiere the spinal rigidity is associated with involvetnent of 
a few other large joints, such as the hips and shoulders, the 
UTie characteristic of tJjc so-called Spondylitis Rhiz^m^lique of 
Mane. 

3. "Where the disease may be limited to tlic spine, a condition 
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which 18 most frequently found m male patients between 20 and 
40 years of age. 

4. This fourth group shows characteristics whicii differ con- 
siderably from the other types, as the osteoarthritis (Fig. 92) is 
found commonly in the lumbar spine of labourers engaged in heavy 
work. This condition is probably traumatic in origin and is not 
usually accompanied by ligamentous ossification 
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Signs 

As Q rule, the first sigus are those of so-called “ Muscular Rheumatism ” 
or “ Lumbago.” The patient feels the l>ack stiff and complains of aching, 
especially if he has remained at rest m one position for any length of 
time. These attacks return with rapidly tliminishing intervals until 
the spine appears to he completely locked through almost its whole 
extent. Finally, practically the whole spine becomes rigid, and the 
normal curves are obliterated, although movement may be retained in 
the cervical region long after the other spinal movements have dis- 
appeared. ' "With the loss of the norma! lordosis the patient cannot 
stand up straight, but walks with the spine cur\’ed forward in one .single 
arc from the sacrum to the occiput. 

Etiology 

It was formerly believed that this disease was predisposed to by a 
previous gonorchceal infection, but investigation of large numbers of 
soldier patients proves that this type of ndection has no influence on 
the occurrence of the disease. Excessive strain and unaccustomed 
concentrated physical and nervous fatigue would appear to be so constant 
in the preinous histories of these patients, that they must be given weight 
as predisposing factors. 

Trauma may also be a factor in any of the four types, but seems 
to be the main predisposing cau.se in the so-called fourth tj’pe, where 
the bony outgrowths constitute the reaction of the tissues to the con- 
stantly repeated alight Injuries sustained at heavy work, and in which 
infection plays only a minor part. 

Tbcat.ment 

If the source of the pninary infection can be established it must be 
dealt with efficiently. Chronic infection of any type should be treated 
with vaccines, ionization, or by wide opening up of the infected area. 
Unfortunately no decided improvement has followed treatment by 
vaccines, but a course of gold injections bas, in some instances, led to 
a diminution of pain and an apparent cessation of the progress of the 
disease. 

Relief of pain is almost certain after the administration of a course of 
wide field X-ray therapy over the affected area of the spme. Cures of 
the disease have been claimed as the result of this tyjie of treatment, 
but unfortunately relief of 8)'mptoins and a temporary arrest of the 
activity of the (lisease seem to be the most to be expected. 

Clinically it is obvious that the spine must be retained in the straight 
position in order that function of the thoracic and abdominal organs 
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may be interfered witli as little as possible, especially wlien the liga- 
mentous consolidation is complete. ^ 

Usually the patient comes for treatment when the spine is already 
in a position of flexion. If the ligamentous calcification is already 
complete and solid the patient does not complain of any aching or pain 
in the back, although there way be discomfort in the thighs and feet, 
but if after workmg the patient complains of an increase in the aching 
and pain m the back, it is obvious that the deformity will increase unless 
the spine is supported and this yielding prevented This clinical observa- 
tion may be taken as an indication of the possibilities of correction of 
any deformity already present. The occurrence of aching as a result 
of prolonged exercises proves the probability of increase m tlie deformity, 
and indicates etjually the possibility of correction following recumbent 
treatment. In the absence of such aching, correction of any deformity 
already present is impossible by conservative means, but a correction of 
the extreme kyphos tan be secured by the operation suggested by Smith- 
Petersen, m which, after excision of the articular facets of two neigh- 
bouring vertebra? at the apex of the curve, the spine is straightened by 
osteotomy of one of the vertebral bodies The operation is dangerous, 
after correction of the deformity paralysis of the lower limbs Las been 
produced in some instances, but the operation can be considered in an 
extrenle deformity. 

The method of slow, gradual straightenmg, applicable to those patients 
in whom achuig in the back is present, is extremely simple ; the patient 
should be placed recumbent on a straight frame on iihich the action of 
gravity alone produces a slow and gradual straightening. This correction 
IS contmued until the spine is almost straight, when the patient is allowed 
to walk with the lielp of a suitable postenor spinal support. A\Tiere 
the cervical spine has also become involved in the calcification the 
addition of a collar support i.<i aho necessary. When correcting the 
deformity the surgeon must remember that an over-extended and rigid 
spine gives an even greater amount of discomfort and disability than 
one in which there is still a slight amount of flexion deformity For 
this reason correction should cease before the spine has become fully 
straightened, the ideal position bemg that m which the patient, when 
standing upright, can look straight in front. Subsefjuent to its correc- 
tion, radiant heat and massage of the spine lead to an improvement m 
the circulation and a diminution in the discomfort. 

The posterior snpjvort should be worn for at least C months ami may 
be discarded gradually, lieing removeil first at night and later for a 
portion of tiie day. If no increase of the deformity follows tins period 
of freedom the intervals may be lengthened until complete freedom is 
allowed. 
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AFFECTIONS OF THE LVMBO-SACIIAL REGION 
AND SCIATICA 

Persistent backacbe, with or without pain referred dowTi the sciatic 
nerve, is an extremely common complaint, especially in women, and 
maybe due to such a widespread variety of causes that the true diagnosis 
is always a matter of considerable difficulty. TJiis series of symptoms 
may arise from bony abnormalities of the lumbo-sactal or sacro-iliac 
regions, but an almost identical clinical picture may be caused by 
gjTisecological conditions, chronic constipation, growths and abnormalities 
of the lower bowel, or disease of the urinary tract. Associated with the 
chronic backache there may be an intermittent or persistent sciatica, 
which may have preceded or followed the onset of the backache, and 
which may or may not be due to the same abnormal conditions which 
caused the backache. Thus, whilst the patient may have a definite 
bony deformity of the lumbo-sacral or sacro-iliac region, there may at 
the same time be some other condition, such as chronic constipation 
or an abnormal pelvic condition, which may cause or aggravate the 
symptoms complained of. IVhen the various abnormal conditions 
present have been demonstrated and considered, and it is evident that 
the aching and pain are not due entirely or chiefiy to any intra-abdominal 
or intra-pelvic condition, the pehis and lumbar spine should be con- 
sidered as possible causes of the disability. 

Lumbo-sacrat and SacrO'illac Strain 

The possibility of strain of the lumbo-sacrnl joint depends largely on 
the relation of the sacrum to the lumbar spine. In the erect position 
of the body with the sacrum in the average position, in which its lower 
extremity is tilted backwards about 15-20 degrees in relation to its 
upper border, strain of the joint follows only on very severe trauma. 
When this angle between the sacrum and the lumbar spine is greatly 
increased, as it is in most women, abnormal stress constantly applied to 
the ligaments of this area renders the patient liable to chronic stretching 
of the ligaments and persistent aching pain. 

Strain of the sacro-iliac joints, which is also predominantly a female 
complaint, U most probably caused by the comparative laxity of the 
female sacro-iliac joint in comparison with the male. This pro\’ision of 
nature, which allows of extra movements at childbirth, renders the joints 
more vulnerable, e.specially 'm the periods of generalized pelvic congestion, 
when the sacro-iliac ligaments a^ become less rigid. 

Symptoms axd Sigxs 

These two conditions of lumbo-saccal and sacro-iliac strain are fre- 
quently verj' difficult to distinguish by a study of the signs and sjTnptoms 
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present. Rius, in each case, aching w present over the region of the 
sacrum, with pains shooting down the thighs ; again, rest in bed in a 
comfortable position usually gives complete relief, but in the acute stage, 
turning over in bed may cause so much pain that the movement is not 
repeated. 

There are, honever, certain differentiating points between the two 
lesions : 

1. Pain from sacro-iliac strain is usually complained of down the 
back of the hip and thighs, whilst that caused by lumbo-sacral 
strain passes down tlie front and outer side of the thigh and leg. 

2. Tenderness on pressure is present in the lumbo-sacral strain 
over the tip of the 4th and Sth lumbar vertebra, whilst that in 
sacro-iliac strain is most definitely along the posterior border of the 
ilium over the sacro-iliac joint. 

3. Rigidity of the lumbar spmc is. a.s a rule, more marked in 
lumbo-sacral strain tiian in sacro-iliac strain. 

Etioukjv 

The condition of strain of either of these joints may arise with or 
without any definite trauma. Probably the commonest history in a 
woman is that, since childbirth, the pain has persisted and has diminished 
only to a slight degree. On many occasions the cause of the strain 
would appear to be long-continued standing at work, especially where 
no inten'al of rest is provided. Very occavona))}' some definite injury, 
such as jumping from a height, or being involved in a motor-car accident, 
was the exciting cause. 

Dittebejctial Diagnosis 

As already stated, the differential diagnosis is often e.vtrcinely diffi- 
cult, as many pathological conditions of the abdominal and peKnc contents 
can cause a similar tram of symptoms. Arthritis of the sacro-iliac joints, 
whether infective or tabercolous in origin, can usually be distmgiiislied 
by the localized signs, and by the radiographic appearances, while such 
disabilities as chronic lumbago give a less severe and more widespre-ad 
tendernes.s and partial rigidity of the %vhole of the lumbar region. 

Tbbatjient 

With severe jiain, rest is ewntial; the tluration of reruinbenny 
naturally varies with the acuteness of the ili'uibility. but. n.s a rule, rest 
should be continued for at least 2 weeks. When activity is again per- 
mitted errors of posture must be correctwl by suitable shoe alterations 
and by muscle training, wJuch help the patient to control the spine and 
to maintain the correct position. JIassage of the spinal muscles is of 
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considerable help in improring mii«cle tone and diminishing spasm, while 
direct support to the strainwl joints can be provided by the application of 
a suitable strong })elt (Fig. 93). The belt, which is <lesigne<l to hold the 
joints together, should, if gimig relief, 
be worn continuously until the tendeme.s.s 
and pain have disappeared, when it may 
gradually be discarded. 

Manipulation. As in every cose of 
ligamentous strain, prolonged disability is 
usually the result of the formation of 
adhesions round the site of strain, which 
invariably occurs at the insertion of the 
ligament into bone. Tlie presence of such 
adhesions U suggested by the absence of 
any bony abnormality, as shown in the 
radiograph, by the persistence of pain on 
exercise, ‘and limitation of movements of 
the Inmbar spine, especially m one or two 
directions. IVhea such a clmical picture 
is present, manipulation of the affecteil 
area will often produce very considerable 
improvement, both as regards the range of movemeots and the relief 
of symptoms. 

The manipulation is carried out luider full anesthesia. The spine is 
first flexed to, but not beyond the full normal range, the feet being 
placed in line with the top of the head ; the full range of extension of the 
spine is then produced by lifting the patient's pelns from the table, 
allowing the head and feet to fall back pxssively, no extra force being 
used to produce bj’perextension. Rotary movements of the affected area 
are performed by rotating the pelvis through the medium of the adducted 
thighs. After manipulation, treatment is carried on a.s before by the 
application of a belt, and by exercises nod massage during the temporary 
period of increased tenderness which follows the manipulation. As a 
rule, in strains of the lumbo-sacral joint considerable relief follows the 
manipulation and the subsequent wearing of a suitable belt, end no 
more radical type of treatment is usually required. 

Operation for persistent SacroMliac Strain. If, in spite of 
manipulation, follow ed by the wearing of a suitable belt, pain still per- 
sists in the sacro-iliac joint, the operation of stabiluiation of the loose 
joint, either by the method of extra-articular fusion, as described in 
Chapter IX, or by the leis severe and more reliable procedure of intra- 
articular fixation by bone-pegging, as described by Sraith-Petersen, may 
be adv’isable. 



Fin f-icro-iluic Belt. 
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Smlth-Petersen'a Bone<peggIng Operation. Here an attempt 
is made to jirevent all movement at the joint by means of a wide l)oiie 
peg, vliicJi is inserted through the substance of the ilium into the Racrum 
(Fig. 91). The technique is as follows: the outer aspect of the ihum 
posteriorly is api)roache(l through a 9-iuch incision along the outer 
posterior border of the crest of the ilium. The muscles attached to the 
outer margin of the crest are deared by cutting througli their tendinous 
origin close to the crest, and the mnscle mass is then removed from the 
outer aspect of the bone by blunt dissection down the upper border of 
the sacro-sciatio notch. Tlie centre of the sacro-iliac joint is marked 
as a point on the outer plate of the ilium by measuring 1^ inches m 
front of the posterior margin of the crest and IJ inches below the crest 



at this level. At this point a quadrilateral section of the dium, about 
li inches by 1 inch, is removcil. This part of the operation requires 
patience, but, with care and by using special chisels slightly curved on 
the flat, it is possible to remove the whole wedge of the iliuin witli the 
subjacent portion of the 8acro-ili,sc joint, and a sinnll part of tlie l.steral 
ma4 of the sacrum. The portion of the jomt in the bony section is now 
removed, and the iliac wedge is countersunk through the cavity into the 
substance of the sacrum. 

Three to four months’ fucation in recumbency is necessary after the 
operation, before welglit-bearing can be safely resumed, support of the 
jmnt being continued by the wearing of a firm, closely fitting belt. 
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SCIATICA DUE TO LESlOX OF INTERVERTEBRAL DISCS 

Tlie interv’cttebral tlises ate composed of two distinct etements, a 
peripheral rim or annulus fibrosis, m which the fibres nin obliquely and 
are joined to the margins of the vertebne above and below. Enclosed in 
the centre of tins strong circular tnas.s is a .soft pulpy core, the nucleus 
pulposus, which by it.s elasticity TDamtoins the normal configuration of 
the disc. If the annulus is injured at any point the central core, or 
nucleus, may protrude ; thus, the nucleus may be displaced laterally, 
forward, haclfivard, or into the substance of one of the neighbouring 
vertebra. 

Mister and Barr (1931) demonstrated that with a posterior displace- 
ment of the nucleus into the spinal canal, pressure could be exerted on the 
neighbouring ner\'e roots, causing a persistent pain which, in some 
instances, could not be relieved by phjuiotherapeutic measures. Lesions 
of the intervertebral discs of this type may occur at any level in the 
spine but, because of the great pressure normally thrown on the lower 
lumbar region, this injury is most commonly seen m the space between 
the 4th and 5th lumbar vertebrse, or in that betn’cen the 5th lumbar and 
1st sacral segment. In this region, pressure on the emerging nerves can 
cause pain referred to the sciatic distribution, and it is now recognized 
that this nuclear displacement is often the cause of an intractable 
sciatica. 

The signs and sj'mptoms which are produced by the displacement arc 
persistent pain, usually not relieved by rest, changes of sensation, and 
tingling on the outer side of the calf or foot, and occasionally accompanied 
by a loss of ankle-jerk. There may in addition be some paralysis or 
weakness in one of the muscle groups supplied by the sciatic nerve : most 
commonly this loss of power is .«een in the peroneal group. 

Many tests have been used in an effort to diagnose the condition ; 
thus, radiographically opaque material lias been mjected into the dural 
cavity in an effort to define and localize the site of the protrusion. This 
test has been discarilcd as unreliable, and the examination of the 
cerebro-spinal fluid has not added anything in the differentiation of the 
lesion. 


Diffebextial DrAGXosis 

The clinical picture is so closely patterned on that caused by a sciatic 
neuritis, that the differentiation is always extremely difficult. The 
greatest reliance must be placed on the response of the patient to treat- 
ment ; if after complete recumbenqr of two months, in a patient in whom 
no other cause for sciatica can be found, there is no improvement, the 
presence of a retropiiLsed disc may be assumed. 
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Treatment 

Operative treatment alone holds out hope of cure or improvement. 
The technique employed \'aries from removal of the disc after lammectomy 
and inspection of the area, to the removal of the protrusion through an 
interlaminar approach without removing bone. When the protrusion 
has been identified it is cleared out with a sharp sjioon, and the operation 
completed by scraping out as much as possible of the remaining jiortion 
of the affected disc. Bony fusion of the spinous process and l.imina of 
the vertehraj above and below the protrusion, cither at the time of 
operation or at a later date, is often employed in order to prevent the 
pain which may follow the alteration in the normal spinal alignment, and 
the change in relationship of the articular facets. 


CONGENITAL DEFORMITIES 

Spina Bifida 

Failure of the nornul process of fusion of a neural arcli may be present 
in any region of the spine, although occurring most commonly m connec- 
tion with the lower lumbar and upper sacral vertebral segments Owing 
to this failure there is left m the posterior bony wall of the vertebral canal 
an opening, which may be a simple slit between two closely approximated 
lateral segments, or a wide gap m svhich the laminai are represented by 
two minute bony projections extending bactewartU from the lateral aspects 
of the affected vertebral bodies. With the simple slit in the bony wall, 
protrusion of the contents of the canal does not pccur, but accompanying 
the wide opening there is, as a rule, a large protrusion which may, or 
may not, contain neural elements. 

As a result of this failure m the w.'iH of (he canal, there may he weak- 
ness of the legs, or even paraplegia when the opening is wide and the 
protrusion is extensive, while t^e simple failure of fusion of two almost 
complete laminae may cause no symptoms in the child, and may be 
indicated simply by a gro^vtli of hair on the skin over the lumbar spine. 

Surgical closure of an extensive spina bifida is usually desirable and 
should be earned out at an early age, hut no attempt should be made 
to produce bony fusion m the simple central cleft, even when recognized 
m the child. 

Although this apparently slight abnormality causes no disability m 
the e.'uJy years of life, aching and pain may be complained of in middle 
life, w hen relief can be obtained cither by bony fusion of the affetf ed area, 
or by the use of an efficient surgical corset As a rule the support of the 
corset IS sufficient to give complete rehef. but when pain persists after 
Its application, bony fusion of the affected lamuiai to the healthy spinous 
processes above and below is usually adequate. 
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Sacralization of the 5th Lumbar Vertebra 
When the transverse process of the 5th lumbar vertebra is so greatly 
enlarged as to appear almost as part of the lateral wall of the sacrum, 
the description of sacralization is given to the abnormality (Fig. 95). 
It may be present as a unilateral or bilateral deformity and, as a rule, 
cau<5es no discomfort or disability to the patient The abnormalitj’ is 



Fio. 93. — SacraliMlion «f tlie trans\*«e pwwof thcSlL LumbAt Vertpbra on left side, 

usually recognized on!;* in the course of routine radiographic esamination, 
and should be considererl as of little significance. 

Extra Lumbar Vertebra 

Occasionally persistent aching in the spine can be attributed to the 
presence of C vertebne of the lumbar tj-pe. Tlie complaints of aching 
and tiredness, as a rule, are only present during adolescence and young 
adult life, disappearing when the mu-sciilar control is fully developed. The 
wearing of a suitable corset, combined with exercises, leads to a rapid 
improvement in the patient’s stance, and to cessation of the complaints. 



CHAPTER XIV 

LATERAL CfURVATURE OF THE SPINE 

Lateral curvature, or scoliosis, consists essentially of a persistent 
deviation of some or all of the wrtebtae from the middle line of the body. 
This simple lateral displacement of the column forms one part of the 
deformity, the other consisting of a rotation of each of the displaced 
vertebra to a varying degree. The rotation occurs round an axis passing 
down the centre of the .spinal canal, the vertebral bodies rotating through 
a larger arc than their spinous processes, which remain neater the middle 
line of the body. 

Sex and Age. In j-oung cliihbren the deformity is foimtl in prac- 
tically the same proporti<m3 among male and female, but later, when 
adolescence is reached, there is a persistent increase in the percentage of 
females affected as compared with males, to such an extent that m 
children requiring treatment the proportions are 5 females to 1 male. 
It IS difficult to explain the reason for this disparity between the sexes, 
but a possible explanation can be found in tbe fact that the general 
body changes occurring at puberty cast a mncli greater strain on the 
less robust female frame. It is possible also that a slight spinal deformity, 
which would be masked by tbe letter muscle development m tbe male, 
is more easily recognized in the less sturdy female 

An exact estimate of the time of onset of the deformity is difScult or 
impossible. In most instances when tbe child is brought to the surgeon 
the deformity has alrc.iJy existed for some considerable time, and its 
recogmtion is often due to the attentions of the tailor or dressmaker who 
has discovered that one hip is more prominent than the other, or that 
one shoidder is persistently higher, and that special a!teTation.s to the 
clothes are necessary. Tlie only critenoii we have as to the common age 
of onset of the deformity is the age at which the child is brought to the 
surgeon or gymnast for treatment. Seventy per cent of these children 
are between the ages of 10 and 10 years— the period when growth is 
most active and wlicn abnormal strains on the tissues are most likelj’ to 
result in permanent deformities. 

SvSIPTOWS 

Asia rule^ excejit in the most extreme instances, the deformity is not 
accompanied by any symptoms. There are, however, two classes of 
patients in whom even a sliglit deviation may produce apnptoms of 
achint^ and tiredness m the back, especially after moderate exercise or 
game^ These are tbe lughly strung, neurotic patients, or the very tall 
206 
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overgrown girls who may complain of tiredness and aching in the spine 
even' after a comparatively short walk. These two exceptions to the 
general rule seiw'e only to emphasize the truth of the statement that the 
condition is symptomless until the deformity has reached an extreme 
stage, and that, m the presence of a mild scoliotic deformity, the cause 
of any severe and persistent pain must be sought elsewhere. Wien the 
deformity has become so advanced that the ribs on the concave side have 
approached, or are touching, the brim of the pelvis, intermittent shooting 
pain may occur as the result of pressure between these bony structures. 
In the eldeclj’ patient, where the deformity i.s severe and of long dura- 
tion, bony changes take place at the sides of the bodies of the vertebr®, 
leading to narrowing of the intcr\*ertebral spaces with osteophytic out- 
growths, and in some cases such changes produce severe gi^le or root 
pains by pressure on the emerging nerx'es. General simiptoms of breath- 
lessness and fainting may also occur with severe deformity of the thoracic 
cavity, owing to displacement and pressure on the heart and lungs, while 
disorders of digestion are comparatively coramou 
sequeUe of the increased intra-abdominal pressure 
and displacement of organs which result from the 
fall of the thorax and diaphragm. 

Description. Scoliosis is defined ns a devia- 
tion of the spine to one or other side of the middle 
line, and, in describing a particular deformity, use 
is made of this to indicate the direction and locality 
of the curv'e. Thus, a convexity of the spine to 
the right of the middle line is described as a right- 
sided scoliosis, and vice versa (Fig. 9G). Similarly, 
if the convexity is in the thoracic region to the 
right of the middle line, the description given is a 
right dorsal scoliosis. The cur^■aturc is seldom a 
single one, and if a curve is present in the right 
thoracic region there is usually a second or com- 
jiensator)’ curve to the other side in the lumbar, 
and frequently also in the cervical regions. There 
may be considerable difficulty in deciding which 
of tlie three curves is the primary one, but it is 
usually possible to deterinine which is the impor- 
tant one from the point of view of treatment. 
iVhen this primaiy or predominating curve has 
been succeasfully treated the secondary curves do 
not, as a rule, give rise to any trouble, as tbeir 
deformity is usually mobile, or at least not so fixed 
as that of the original curve, which has lieen of 
longer duration. 
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Examination. Examination of a suspected case of scoliosis is 
carried out with the back, chest and pelvis completely exposed, so that 
all deviations from the normal line can be appreciated. Delations of 
the spine from the middle line, which persist in spite of voluntary efforts 
to straighten the back, are an indication of the presence of lateral 
curvature. 

Prominence of the lumbar spine on one side unth apparent raising of 
the other hip and increase of the loin angle indicate the presence of a 
lumbar scoliosis. Projection of the chest baclorard on one side, intli a 
raising of the scapula on the same side, and a flattening of the other 
side of the chest, ate seen in thoracic scoliosis. On inspection from the 
front in a case of thoracic deformity, the chest is prominent anteriorly 
on the side of the posterior concavity, and depressed in front on the 
side whicli is prominent posteriorly. iVltliough the posterior projection 
of the cheat-wall can be seen while the patient is standing upright, its 
extent can be appreciated more easily n hen an attempt is made to touch 
the foes with the knees straight. In this position, the rotation of the 
vertebrae, which proiUices the prominence of the ribs or of the lumbar 
transverse processe.s, is seen to its full extent, and can be measured In 
structural scoliosis the prominence of the ribs posteriorly on flexion of 
the spine is always seen on the side of the convexity, but in the case of a 
long single or postural curve there is usually no backward projection of 
the ribs ou flexion. 

Movements. All movementsofthespine must becarefully measured 
This examination is carri«l out first while the patient is standiog, later 
while in the recutulwDt position. It will be seen that, with absence of 
e.xtteme secondary bone changes, movements are free in all directions, 
except for a slight limitation in the area of deformity when the nttcmptccl 
movement is lateral and towanls the side of the deformity. 

Radiographic Examination. This will demonstrate the deviation 
of the bodies of the vertebnc from tlie middle line to be greater than is 
expected from the clinical findings. It will show also the presence of 
wedging of the bodies of the vertebr® which occurs on the side of the 
concavity sooner or later in every case of fixed structural scoliosis. It 
ivill also indicate the presence or aiisence of congenital deformities, either 
of the vertebnc or of the ribs, and if any of these structural alterations 
of the bony framework are present, the impossibility of a complete 
anatomical correction of the deformity can be appreciatcil. 

Typi» OP Scoliosis 

There are two distinct clinical types of scoliosis which vary from 
each other both in regard to structural alterations and the treatment 
which mnst be adojitcd for their relief: 

(a) Postural or llobile. (ft) Structural or Fixeil, 
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(a) Postural or Mob[lc Scoliosis. This group has also been givea 
the name of total scoliosis owing to the fact that the curve is usually 
single, extending from the cendco-dorsal region to the hinibo-sacral angle. 
No secondary or compensatory curves arc present above or below the 
primary one, and deviation of the spinous proces-scs at the maximum 
point is not more than li-2 inches from the middle line. 

On examination of the spine in the erect position there is a long gentle 
curve with the spinous processes deviated to one or other side, usually 
the left, with slight posterior bulging of the rilis on the side of the con- 
vexity. AVhen the spine is examined in the flexed position tliis bulging 
disappears and no deformity is present, although occasionally slight 
posterior bulging may be seen on the opposite side. Complete dis- 
appearance of the deformity also follows suspension of the patient by the 
hands or on the assumption of the position of recumbency. Normal 
mobility is present in everj* direction all over the spme, anti the radio- 
graph, be3’on(l showing slight de\iation from the middle line of the 
body, reveals no bony abnormality ; in fact, this deviation can only be 
shown when the photograph has Wen taken with the patient in the 
upright position. 

As a rule, postural or mobde scoliosis is only a temporary deformity 
and disappears in the course of a few j-ears, either with or without treat- 
ment. On rare occasions, if the condition has been left untreated for 
several years, definite structural alterations may occur in the bones, 
ligaments and muscles, and the deformity is then changed from a mobile 
to a rigid atructuial scoliosis, but this alteiation from a postural to a 
structural scoliosis is the exception and not the rule. 

{b) Structural or Fixed Scoliosis. In this group the deviation 
and rotation of the spine, which are evident w hen the patient is in the 
erect position, do not disappear on flexion, suspension or m recurabencj*. 
In the early stages there may be only a single primary deformity, but when 
this has become more advanced secondary or compensatory curves appear 
above or below the ptimaiy enrve. The essential feature in this group 
is that, in every instance, bony deformity of tlie I'ertebraj is present, 
either as a result of yielding of the groinng bony tissues to abnormal 
strain, or because of the presence of a true congenital bone deformity. 

Alterations develop in the other thoracic structures secondary to this 
bony change in the verteb^fl bodies ; thus, the ligainent.s on the concave 
side of the defonnitj' become contracted and thickened, while those on 
the convc-xity become elongated and thinned. A similar alteration takes 
place in the muscles governing the spine, and later changes occur in the 
shape of the ribs themselves. These bonj' alterations in the thoracic 
wall can be appreciated clinically and radiographically*. In a severe 
deformity the ribs on the convex aide project backwards behind the 
spinous ptoces-ses of the vertebtae, while on the concave side they lie 
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well in front of this line. The angles of the ribs can be felt to be con- 
siderably altered over this postcnor prominence, being sharper than 
normal, in some cases the angle of the nbs being so acute as to form a 
sharp bony line under the skin, giving nse to tlie description of “ Razor 
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Back.” On the concave side of the spine the ribs are flattened bo that 
the site of the angle cannot be appierifttcd, ami the rib appears as a 
flat plate of bone. The deformities of the vertebras can best be appreciated 
by examination of the antero-posterior radiograph.s, which usually show 
a definite lateral wedging of one or more v'ertebnc, the site of the greatest 
wedging being usually at the apex of the curve (Fig. 97). This dis- 
tortion of the vertebral body may either he acquired as a result of long- 
continued pressure on one aspect of the growing bone, or may he a true 
congenital deformity, the diflerentiation between these two types of 
wedging being often extremely diBicult. 

If the wedging is confined to one vertebra, then the probability is 
that the deformity is congenital in origin, but tf there is a definite wedging 
of several neighbouring vertebnc, with no other congenital hone abnor- 
mality, then it is probable that it has been caused by abnormal pressure. 
The inten’ertebral discs also show changes at a very- early stage ; in 
fact, these changes are usually present before any definite alteration 
occurs in the bony structure. On the concar’e side of the deformity the 
discs are squeezed oat and project beyond tlie margins of the neighbour- 
ing vertebral. On the convex side, however, they are definitely tliickcr 
than normal and do not extend beyond the lateral border of the vertebral 
bodies. 

' C.tusEs or Scotiosis 

Tlie causes of scoliosis may be 

1. Congemtal. 

2, Acquired. 

Congeixilal 

(а) Definite bony abnormality of tbe vertebra). 

{b) Prolonged intra-uterine fixation m the scoliotic position without 
definite bone changes. 

Acquired. 

(n) Positional, due to improper muscle balance. 

(б) Alterations in line of the pelvis — short leg. 

(cj Alterations in muscle balance due to infantile paralysis. 

(d) Alterations in balance on the two sides of the chest — empyema 
and phthisis. 

(e) Softening of bones— rachitis., osteaUialocut, etc. 

(/) Secondary to other deformities, torticollis, Sprengel’s, etc. 

Pbooxosis 

In the postural type, with suitable treatment the prognosis is good 
and a cure of the condition is to be expected. 

In the structural type, where definite bony deformity is present, 
cure is impossible, but some improveinetit) in the alignment of the back 
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can usually be obtained. The older tlic patient when coming under 
treatment for the fiist time the worse the prognosis on account of the 
greater fixity of the soft tissues, and the greater resistance of the deformed 
bone to any corrective force. 


Treatment 

Postural Scoliosis 

Treatment for this deformity consists largely in building up the 
child’s muscular control, thereby correcting the tendency to deformity, 
and at the same time dealing ulth any cause of deformity, such as the 
habit of continually standing on one leg, sitting on one buttock, or always 
carrying a bag on one shoulder. In nuny instances the child is tall 
and overgrown, and probably is already doing vigorous gymnastic 
exercises, wliicli tend only to tire the muscles and increase rather than 
dimmish tie displacement. 'When exercises are used in treatment 
they should be so arranged that the cliild’s musculature is not overtired. 
Intervals of rest m a recumbent position for at /east one hour a day 
should be insisted upon, and simple bendmg and straightening exercises 
and awimmmg should be included in the course, as in this way an improve* 
ment is obtained in the muscle tone without the strain of gravity No 
form of support or shoulder-strap is usually necessary or advisable, and 
the child must be constantly reminded to hold the erect position. If 
the exercises are carried out conscientiously the result is generally 
excellent. 

Structural Scoliosis 

The problem here is entirely dilTerent ; already a definite alteration 
has occurred from the normal, both m the soft and bony tissues of the 
spine, and any alterations or iiupros'ement of the deformity require 
prolonged and persistent treatment In dealing with a patient BiifTering 
from structural scoliosis it is necessary first to decide whether any cor- 
rection can possilily be obtained or whether our efforts should be devoted 
to the prevention of increase in the deformity already present. This 
cpiestion in regard to the possibihty of improvement can readily be 
determined by the effect on the deformity of suspension of the patient 
by the hands, the feet being clear of the floor. If no alteration follows 
the suspension, tlien correction is impossible, hut if there is a definite 
improvement in the alignment of the spine and a diinimitiou in the 
curvature as a result of the suspension, then correction, at least to that 
improved position, is to he expectetl with suitable treatment. 

In the presence of structural alteration in the spine, if susfiensioii 
from the hands causes no alteration in the cun'c, then treatment by 
supporting casts or jackets is only necessary when there has been an 
inctwse in the deformity during the previous 2 or 3 years, or when pain 
IS present in the back. If we can be sure that there has been no increase 
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of the curve, and that the deformity m not causing pain, then the object 
of treatment must simply be the impro%'ement of the muscle tone, altera- 
tion of the stance of the body by suitable gymnastic exercises, and, 
when advisable, change in the alignment of the pelvis by raising the heel 
of the shoe on one or other side, or the correction of any other deformity 
in other areas, such as the neck, which may tend to increase the curvature. 
If, however, deformity has increased, or if pain is present in the spine, 
then a fixed supporting cast must be applied until the spine again becomes 
stable and painless. 

Attempts at corrective treatment of structural scoliosus should be 
confined to that group where a definite improvement in the line of the 
deformity is produced by suspension. In this group improvement 
follows treatment, either by a partial correction of the fixed curve, or, 
more frequently, by increasing the secondary cun’es above and below 
the primarj’ deformity. Some improvement in the fixed deformity 
follows on prolonged fixation of the spine in the optimum position obtained 
by suspension. In this position the excessive pressure, vvhich has pre- 
viously been borne on the concave aspect of the spine, is retluced, the 
weight being borne more evenly over the whole surface of the vertebral 
bodies, the ligaments on the side of the convexity being thereby relieved 
from constant overstretcliing. Tlic steailily increasing wedging of the 
bodies of the vertebrae is prevented and the ligaments and muscles on the 
convexity of the spine become shorter and act at a better mechanical 
advantage. 

The active treatment of structural scoliosis may be divided into three 
groups : 

{a) Gymnastic Exercises, which by themselves are only suitable 
for those patients in whom the structural deformity is slight and the 
general physical condition is such that strenuous muscular exertion can 
be undertaken without detnment to health. 

The exercises are of two types • 

Group 1. Simple general muscular exercises of the muscles of the 
spinal group. These lead to improvcmeut in the tone of all the 
muscles acting on the spine, although they cannot in any way alter 
the disproportion already existing between the two opposing groups. 

Group 11. Specialized exercises designed to stretch the muscles 
oil the concave side of the spinal deformity, so that their opponents 
may be able more effectively to control the alignment of the spine. 

There are certain other practical points which must be followed in the 
treatment of this type of patient. 

(1) The pelvis must be kept level ; ifone limb is shorter than the other, 
the pelvis level must be corrected by raising the shoe on the depressed 
side until equality is obtained. 
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(2) In the presence of flat-foot ileformity — a condition frequently 
found in these scoliotic subjects— instructions must be given as to altera- 
tions to shoes and exercises for the correction of this disability. 

(3) Tiie exercises must never tire the jsatjent, care being taken that 
breatliiug exercises are always armngetl lietw ecn those of a more strenuous 
nature. 

While this form of treatment by corrective muscular e.xercise3 is of 
value in those early cases where the deformity is not severe, it must not 
be persisted in m the face of an mcrcasing deformity, and where this is 
obvious some more effective method must lie adojited. 

(6) Corrective Moulding. Where bony changes are already present 
in the spine, complete coircction of the deformity can never be obtained 
l)y any form of treatment. Considerable improvement m the appearance 
of the deformity usually follows on prolong^ moulding of the spine in a 
corrective plaster jacket. These casts may be applied, either with the 
spine fully extended or while it is lu a position of flexiou, the former 
method being the one usually employed in tlie correction 

In applying the correctire plaster the patient is siispendeil by the head 
and arms, so that the heels are off the ground and only the toes touch 
the floor. The plaster case is then applied closely to the body over a 
layer of stockinet and wool, from just above the great trochanter to at 
least the level of the middle of tlie ecapul®. While damp, the plaster is 
very carefully ami firmly moulded over the posterior convexity of the 
chest, especially over ita lower border and over the crests of the ilia, tlius 
stabilizing the pelvis and the convexity of the chest m the optimum 
position obtainable by suspension The pla.ster, which is allowed to set 
firmly before the suspension is removetl, is subsequently cut out on the 
concave side so that expansion of the chest can occur tow’ards this aspect. 
The lower border of the case is cut on the front of the thighs, enabling 
the patient to sit without pressure on the groins, while the edges of the 
cast arc smoothed olT to prevent injury to the skin. 

The first corrective case is rctaine<I only far a short periotf, as it soon 
becomes api»arcnt that its corrective action has been lost. A serie.s of 
casts arc employed during the next 6 months, on each occasion the 
alteration being necessary because of slackness which has developed 
between the cast and the chest-wall This reapplication is continued bo 
long as any further improvement in the deformity can be obtained by 
suspension. When the point of optimum correction ha-s been reached 
the cast should be removed ami a dedsion arrived at as to the best method 
of retaining the conection. 

Where the correction has beeu almost complete, recurrence of the 
deformity may be prevented by improving the muscular control of the 
spine through a course of exercises, which arc at first earned out with 
the patient in the recumbent position. As a ni!e. honever, some addi- 
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tional support, either external or intemnl, ts necc'ssary as a protection 
against the reappearance of the deformity. The simplest and probably 
the most efficient external support is a removable celluloid cast which 
maintains the correction obtained by the plaster casts. The cast should 
be removed two or three times daily for short intervals of massage and 
exercises, and this routine should be continued until the muscular control 
of the spine is sufficient to retain the correction. The exerases should 
always be supervised by a skilled masseuse, who can regulate their severity 
and can prevent the tendency towards slackness which is shown by 
every patient when the same routine has to he practised over a long 
period. 

(c) Bony Fixation of the Spine. When it is decided that, in spite 
of any form of external fixation, increase of the deformity is likely to 
occur, then fixation of the spine by tlie method of AJbee or Hibbs is a 
justifiable procedure. Before such an operation is carried out all possible 
correction of the deformity must be obtained by mean-s of exercises, 
corrective plasters, or recumbency. A definite decision as to the advis- 
ability of the operation should, if possible, be postponed until the patient 
is 15 years of age, when true bony fusion is more likely to follow and 
when there is comparatively little tendency to recurrence of the deformity. 

The operative procedure has been described in Chapter IX. As it is 
impossible and inadvisable to fuse the whole of the primary and secondary 
curves, the fixation should be confined solely to the primary deformity. 

After-treatment consists in rest in recumbency until fusion is com- 
plete, followed by the wearing of a plaster-of-Parls or block leather 
moulded support for at least 18 tnonth-s, when normal activities without 
support may be resumed. 

The following special forms of scoliosis require separate consideration : — 

{a) Congenital scoliosis due to severe wwlging of one or more vettebrse. 

(6) Paralytic scoliosis which tends to relapse in spite of the most 
perfect correction. 

(c) Paraplegic scoliosis. 

(d) Sciatic scoliosis. 

(<j) Congenital Scoliosis 

Scolio'^is of this type is usually associateil with the pre.sence of other 
gross congenital deformities of bone ; thus, ribs may be absent or fused ; 
congenitally deformed vertebraj may be present at more than one site 
in the spine, or some other congenital abnormality — such as Sprengel’s 
deformity or torticollis — may also be present. 

From a consideration of tlie radiograph (Fig. 98) of such a case it is 
obvious that complete correction of the affected spine is impossible. The 
aim of treatment, therefore, sbonld be the moulding of the growing 
bones into a somewhat better alignment, and this object can best be 
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Fig os — Coiigtiiitiil Scoliosis, showing wedged vertebne, spina biiida and defoniutii's 

of nht. 


attained while the child is young nndtKe bony tissue is still comparatively 
soft. 

Corrective jackets— such as have been dcscrilied— are not suitable 
for very young patients in whom correction is comparatiiely easy. At 
this stage the child should he placed on a frame so that the c-onstantly 
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deforming weight of gravity is counteracted. Extension by strapping 
is applied to both legs, tlie greater pall being applied to the leg on the 
side of the spinal concavity. Counter-extension is applied by means of a 
jury mast and head band attached to the frame, and this corrective 
treatment is continued for at least 12 months. During this period local 
pressure is applied posteriorly on the convex aspect of the cliest, so that 
the concave side tends to open out. WTien all possible correction has 
been obtained a removable cast may be applied, and by the use of this 
support, combined with corrective c-xercises. most of the correction 
can he maintained. It js extremely doubtful if any of the methods of 
bony fixation of the spine can be of help m the treatment of congenital 
BcoUosis. 

As the deformed vertebrae grow in size the spine, even n hen apparently 
soundly fused, is moulded into the shape taken by the vertebral bodies. 

(6) Paralytic’ Scoliosis 

IThen JiColiosis has re?ulte<l from an attack of infantile paralysis the 
deformity of the chest and spine is usually extreme, on account of the 
excessive lateral <le\’iation of the cbe.st-woU and th^ severe secondary 
deformities of the rilis. The paralysis may alTect part or all of the 
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erector spins group of muscles of one side, but, if both groups of muscles 
are equally affected, an acute flexion deformity rather than a lateral 
deviation results, as the essential feature in the development of scoliosis 
is retention of power in one group, which continues to act without opposi- 
tion (Fig. 99). As a rule, other groups of muscles are also involved, 
leading to secondary deformities and disabilities. Thus, considerable 
shortening of one leg may be present ami, because of paralj-sis of the 
intercostal or abdominal musclej, breattmg may be restricted. If 
the intercostal muscles are paralysed and the breathing is largely 
diaphragmatic in character, the use of a plaster case, embracing' the 
chest and abdomen, is inadvisabla Correction of the defonnity is, 
however, possible by treatment in recumbency, correction being obtained 
by the use of pressure pads which can be regulated. 

When the optimum correction has been obtained, fiisionofthe affected 
area of the spine is usually indicated, becaure of the difficulty of maintain- 
ing the position by any type of external support. The area to be fused 
is always extensive, involving, as a rule, 10 or 12 vertebral, and on 
aecount of the extent of the fusion the operation should he thriJed into 
two stages, 5 or (fvertebrte being fused on each occasion. 

(c) Paraplegic Scoliosis 

During the past few years the condition of paraplegia foJlomng on a 
scoliotic deformity has been recognized as a clinical entity. This com- 
plication occurs most frequently m association with acute curves of the 
dorsal region, and, in every instance, the ope.xof the deformity is formed 
by a wedged vertebra which is probably of the congenital tyjie. Para- 
plegia IS never seen in association with the mote gradual deformity 
which is present in the acquired tjqie of scoliosis. The first signs of 
pressure paralysis appear, as a rule, after 10 yean of age , the child is 
noticed to walk with a peculiar dragging of the feet, accompanied by a 
slight spasticity of the legs. Following this there may be a more or 
less complete loss of control of the bladder, and. if not relieved by treat- 
ment, the spasticity gradually increases imtd walking becomes impossible. 
The cause of the spasticity is suggested by the long lustory of the de- 
formity, by the retention of mobility of the spine, even in the area of 
greatest deformity, by the radiographic appearances, which show the 
absence of disease, and by the presence of a definite wedge deformity in 
the affected area of the spine. 

Treatmbnt 

Confirmation of the diagnosis is giren l»y the rapid response to treat- 
ment Mlien the patient is placed on a frame with extension apjilieil 
to both legs, the paraplegia usually disappears verympiilly.nml, so long 
as the patient is recumbent, there is no temleucy to recurrence If tlie 
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patient is allowed up without an efficient support, then a reappearance 
of the signs of pressure on the coni is to be expectetl in a few weeks. 
Moulded plaster-of-Pnris or block-leather supports are the most suitable 
in retaining correction, but even the most carefully moulded and fitted 
support will often fail in its object, and the paraplegia reappears. Under 
these circumstanoes bony fusion of the spine, hy the method of Hibbs, 
holds out the best prospects of a permanent relief, but this method of 
treatment should only be adopted after all signs of pressure on the cord 
have disappeared, and after the optimum correction of the deformity 
has been obtained. 


(d) Sciatic Scoliosis 

The condition of sciatica. a.ssociatcd with scoliosis, occurs usually in 
patients between 30 and 40 years of age. Men seem to be affected 
slightly more frequently than women, but the difference in numbers is 
slight. 

As a rule, the patient gives a history of pain down the back of the 
thigh and into the foot for some months before the curvature of the spvne 
was noticed. Occasionally the spinal deformity develops whilst the 
patient is resting in bed undergoing treatment for the pre-existing sciatica, 
and such instances indicate clearly that the sciatica is the primary condi* 
tion and that the scoliosis is secondary. 

Clinical Features. The patient stands with the affected leg slightly 
bent at the knee. The scoliosis is largely confined to the lumbar region, 
and the convexity of the curve may be towards tlie affected leg — the 
so-called homolatoral sciatic scoliosis — or towanls the other leg — the 
contralateral scoliosis. 

Occasionally a patient is seen in whom the position of the curve vanes 
from one side to the other, a condition, which lias been described as alter- 
nating scoliosis. In this latter type the patient can change the curve 
from one side to the other, a movement which is only possible when the 
spine is fully bent. Thus, the patient may bend dow-n with a left lumbar 
scoliosis and, after twisting the spine, stand erect with a right lumbar 
curve. 

The radiographs of the pelvis and lumbar spine usually show no 
pathological hone change, Iwrt swmply a deviation of tl'^e lomhar vcTtehtre 
to one or other side. 

Etiology. The question of the ongia of sciatic scoliosis has led to 
much discussion, the commonly held theories being : 

(1) Articular Arthritis. Tlii-s theory suggests that the condition is 
always caused hy arthritis of the inter-articular joints of the lumbar 
vertebne. 

(2) Inflammation of Nerve Roots. It is suggested that, on account 
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of inflammation and swelling of the emerging nerves, the lumhar muscles 
develop a condition of protective spasm and thereby produce the 
deformity. 

(3) Irritation oj Mmclr. Another suggestion is that the deformity 
follows on irritation and spasm of one or other iho-psoas muscle. 

(4) Helrojnihton of the Xuclews Pttlposus. The occurrence of a 
scoliotic deformity of the lumbar spine associ.atcd with persistent sciatica, 
is always svggestive of the presence of a netropulseri nucleus pulposus, 

TRtHTMEjrr 

As m the treatment of any type of inflammatory process, rest is 
essential. The patient shouhl be confined to bed continuously for 
3 'Reeks and all areas of possible infection dealt with radically. Traction 
with weight applied to the affected limb frequently hastens the recovery' 
and diminishes the pain. If this line of treatment is successful the 
weight traction should he removed and the patient given gentle exercises 
whilst in the recumbent position. If the pam docs not then return, 
normal activity may be resumed, preferably with the help of an adequate 
corset belt 

If the pain persists the surgeon has at his disposal three other 
possibilities : 

(1) lilanipulation. 

(2) Fixation. 

(3) Operation for retropulseil disc. 

Manipulation. Manipulation under anaistlicsia must always be 
gentle, rough traction or forcing of a joint beyond its normal range can 
only injure and not improve the condition for which the manipulation is 
being employed. Tins rule is especially applicable in the case of sciatic 
scoliosis. If carried out gently the manipulation is not dangerous and 
will not be followed by signs of nerve or cord injury. If the manipulation 
is unsuccessful, one of the other uictliods can be employed. 

Fixation. After extension of the spine by suspeasion the patient 
is fixed in a plastec-of-Paris jacket, which extends from the nipple line 
to the great trochanter. This fixation is retained for 3-1 months, witli 
possibly a replacement for » sinuJar perioil 

Operation for Retropulsed Disc. If it is oimoiis that no permanent 
relief can be obtained by the previous metliwls and the examination has 
revealed signs of interference with the wwiral pW.xus, as already descrilwd 
in Chapter^XIII, the possibility of the presence of a retropulsed mter- 
vettebral disc must-be considered. 

Removal of an abnormal disc has in many instances cured the 
sciatica and the scoliosis, but the operation should only be undertaken 
when the surgeon, is convinced of the presence of this abnormality. 



CHAPTER XV 
ACQUIRED DEFORMITIES 

DUPUYTREN'S CONTRACTURE 

In 1832 Dupuytren descnbed a deformity of the hands cliaracterized 
by flexion contracture of the fingers, due to contraction of the palmar 
fascia. The deformity seldom appears before middle life and almost 
invariably in the male sex. while occasionally evidence of a tendency 
to a definite herwlitary influence in the deformity can be elicited. 

EnoLoor 

The cau.se of the deformity is unknown ; rheumatism has been sug- 
gested as a common predisposmg factor, while continuous heavy manual 
labour appears to be the exciting cause in the large majority. In some 
instances, however, the deformity occurs in patients who are not engaged 
in manual labour, appearing in clerical workers sxhose hands are not 
subjected to trauma. 

Sighs 

A gradual contraction of the palmar fascia, particularly on the ulnar 
border of the hand, causes flexion of the metacarpophalangeal ]omt ; 
at first usually the ring finger alone is involved, and later the little and 
middle fingers take part in the deformity. At first the fascia is simply 
contracted, later nodules of a har<I fibrous type can be felt in its sub- 
stance, while at a still later date the skin over the affected fascia becomes 
bound down and immobile. The flexor ten- 
dons and their sheatlis remain unaltered, but, 
as a result of the long-continued position of 
flexion, the joint capsule usually becomes 
adaptively shortened and may offer con- 
siderable resistance to the correction of the 
deformity (Fig. 100). 

Essentially the deformity consists of 
flexion at metacarpophahiiigeal 
while at a slightly Later date the first inter- 
phalangeal joint also becomes bent, but the 
terminal joint is never flexed and, as a result 
of pressure of the irnger-tip into the palm, 
this joint frequently develops a position of . lOO.— pupuytren’s Con- 

hyperextension. Bmg rmger. 
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Duonosis 

Tile diagnosis is coiupanitively simple, the only condition which 
bears n resemblance being that of congenital contraction of tlie finger, 
which involves only the little finger, and can be easily distinguished^ bv 
the fact that, in contrast with Dupuytten's contraction, the metacarpo- 
phalangeal joint IS hyperextendcd whde the interphalangeal joints are 
acutely flexe<). 

Treatment 

Preventive. In the early stages, when the contraction first appears, 
simple stretching of the fingers to their full extent several times a day 
is usually sufficient to prevent further deformity and to keep the con- 
dition in check for many years. The stretching must be complete , 
if the tips of the fingers are placed on a table, the hand must be forced 
dowTi flat until the metacarpophalangeal joints also reach tiie same level. 

Recently it has been suggestwl th.at m the early stages of the ilefomiity 
improvement and even cure can be obtained by the administration of 
large doses of vitamin E. The method has not had suifirient test and 
may fail, as did the injection of Fibrolysin 

Operative Treatment. When the deformity is too severe to bo 
corrected by stretching, two procedures are available — the first, consisting 
of multiple subcutaneous division of the contracted fascia, is simple and 
safe, while the second, m which the whole of the fascia is removed, altliough 
undoubtedly a sounder sixtgieal procedure, involves the risk of the 
subserpient contraction of the skin flap. 

Multiple Fasciotomy. The skin and palmar fascia are put under 
tension by stretching the affecte<l fingers, the tenotomy knife is then 
inserted through the skin on to the surface of the fascia at a point between 
the deep grooves caused by odhcrence between tlie skin and fascia 
The skin is then separated from the fascia m the grooves on each side, 
either with the back or the cutting side of the tenotomy knife, and only 
after this freeing is the jialmar fascia divided by turning tbe edge of 
the knife towards the fascia and gently cutting the tighteneil bands. 
This procedure of freeing the skin and dividing the contracted fascia 
is earned out wherever necessary, usually in four or five dilTcrent areas, 
and the hand anil fingers arc then bound to an almo-st straiglit spimt. 
which is retained for 4 or 6 days. During this period of stretching 
tbe greatest c.ire must be paid to the position of the splint. Pressure 
must never be applied to the tips of tbe fingers but should be iimiteil 
to the palmar aspects of the terminal interphalangeal joints. If this 
point is neglected hyperextension and ngidity of the terminal inter- 
phalangeal joint invariably results 11 however, the pre^ure is applie.1 
to the front of the interphalangeal joint, no such disabihty results. 
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After 4 or 5 days the splint is removed two or three times each day 
for massage and stretching over a period ot 2 weeks, and later the splint 
is replaced at night only for at least 3-t months, massage, exercises and 
free use being carried out each day. 

Excision of the Palmar Fascia. This Jtiore radical procedure is 
advisable when the infiltration is extensive, and where it is evndenfc that 
dmsion of the fascia alone is likely to be unsuccessful. In aj)ptoaching 
the contracted fascia the skm incision should extend along the ulnar 
border of the palm down to the level of the head of the 5th metacarpal. 
From this point it is continued transversely across the palm. The skin 
outlined by this incision is raised from the underlying fascia, every effort 
being made to avoid puncturing or buttonholing the flap. The fascia 
is then divided at its upper end well above the contracted area, and 
carefully di.ssected from the underlying tissues, the greatest care being 
taken to avoid injury to the digital necN'cs which lie between its super- 
ficial and deep layers. On reaching the digital slips of the fascia these 
are divided, and the skin Sap sewn back into position, a ptessvne pad 
of wool or sterile sponge rubber being placed over the operation field 
to prevent the formation of .a htematoma. If the flop has been injured 
during the dissection a full thickness skin graft should be at once employed 
to replace the injured portion of skin. After the excision a corrective 
splint should be worn for a %veek, and the restoration of movements 
in the fingers obtained by voluntary use and gentle maSsage, which 
are started when the stitches are removed 2 weela after the operation. 


OBSTETRICAL PARALYSIS 

That lesions of the brachial plexus may occur at birth is common 
knowledge, but the exact mechanics by which they are produced is 
still not completely understood. The muscular paralysis which accom- 
panies these injuries follows closely on the distribution of the nerves 
involved, but in addition to the loss of muscle power, coutractiire.s 
appear rapidly round the shoulder-joint. For this reason Turner, Thomas 
and Lange have suggested that the early clinical signs of birth palsy 
and the common sequelce are indic.ative of a lesion of the shoulder-joint 
capsule rather than of the cords of the brachial plexus. These sug- 
gestions have not been supported by operative investigation, during 
which definite lesions of the cords of the plexus have been demonstrated. 

.iVs a rule, birth palsy follows on prolougeil and difficult labour, where 
c.xtra force has been necessarj' in the delivery. The type of injury 
sustained by the plexus depend on the line of force which has produced 
the lesion. Thus, traction on the ann abo\’C the head may be followed 
by injury to the lower cords of the plexus, especially if the pull has 
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been so great as to produce a fracture of the clavicle. Again, traction 
on the head, especially if combined with a piiIJ towards the other shoulder, 
may easily produce a lesion of the upper trunk, or in fact of the whole 
plexus. The extent of the inju^' sustained varies from a simple stretch- 
ing of the fibres within the perineural slieath to a complete tear of the 
nerve and the sheath, or a pulling away of the roots within the spinal 
tlieca. 

Site of the Lesion. Birth palsy commonly affects the upper nerves 
of the hracliial plexus, the more common lesion being of the upper arm, 
or Erb Duchenne type. The affected netv^, the 5th and Ctli cervical! 


Erbi Point 



may he iajared at any iev’eJ, but as a rule the lesion occurs at Erb’s 
point, which lies at the junction between the 6tU and 6th cervical nerves 
(Fif*. 101). Occasionally no sign of macroscopic injury to the nerves 
can be discovered by the roost careful inspection, the lesion having 
occurred intrathecally. 

iUany operative examinations of the injured plexus have been under- 
taken in the hope of discovenng the site of injury, and if possible of 
effecting an end-to-end suture of the injured neive trunks. The results 
of such operative procedures have hem extremely disafipointing, the 
only advantage gained from the operation being a more exact apjire- 
ciation of the type of injury which has caused the paralysis. 
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Signs akd Symptoms 

These naturally vary with the site of the lesion. As a rule, in the 
new-boin infant suffering from such an injury, the arm hangs flaccid 
by the side with the elbow fully extendetl or very slightly bent, the 
whole arm and forearm being rotated inwards so that the palm points 
backwards. Passive movements of the arm are painful to the child, 
who invariably cries when they ate attempted. Very occa.sionally slight 
swelling may be noticed above the clavicle at the probable site of the 
lesion in the pleJcus. 

Improvement in the condition of the limb is usually rapid, except 
in those extremely rare cases where the lesion is complete and permanent. 
The child begins to move some part of the arm, forearm or hand, and 
recovery once started is rapid, although a complete recovery U rarely, 
if ever, seen. 

In the Upper Arm Type {Erb Uuchenne Paralysis) the muscles 
supplied by the 5th and Gth cervical nerves lose their function. Thus, 
the deltoid, spmati, biceps, teres minor and brachialis onticus are all 
more or less completely paralysed. The opposing group of muscles, 
which adduct and internally rotate the arm, soon become contracted, 
passive abduction and external rotation of the shoulder joint being lost. 

In the Whole Arm Type of Paralysis the limb is flaccid and lies 
at the side of the body with the elbow fully extended. As a rule, some 
slight improvement appears m a few weeks, but occasionally the paralysis 
remains unaltered with a more or less complete loss of sensation over 
the whole limb. 

In the Lower Arm Type (Klumpkc’s Paralysis), in which the 
1st dorsal and occasionally also the 8th and 7th cervical nerves are injured, 
the paralysis affects the intrinsic muscles of the hand U'ith wasting of 
the thenar and hypothenar eminences, and wth weakne-ss of the long 
flexor muscles of the fingers. In addition, when the lesion has occurred 
close to the intervertebral foramina, signs of involvement of the cemcal 
sympathetic nerves are present, and are recognized by drooping of the 
npper eyelid, narrowing of the palpebral fissure and contraction of the 
pupil. 

Mixed Types. IVTiibt the sep.-%rate clinical types already des- 
cribed are commonly seen, in many instances the clinical picture does 
not fit into any particular group. Thus, there may be the signs of 
an upper trunk lesion with, in addition, involvement of the flexor 
muscle.s of the forearm, or the lower ann type of paraly.sis may be com- 
plicated by weakness or paralysis of other muscles of the forearm — 
indications that the lesion has not been confined to one trunk of the 
plexus. 
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Deformity. In the untreated ca'?e the • 
greatest defonnity foUotre on the upper arm 
type of paralysis. The arm becomes gradually 
more and more adducted and internally rotated, 
the forearm is fixed in pronatiou, while the 
head of the liuiiicrus may be subluxated on the 
posterior border of the glenoid cavity (Fig. 102) 
The range of pa<«sivc movement in the shoulder 
becomes steadily diminished by contraction of 
the internal rotator and adductor muscles of 
the arm If the position of deformity is not 
corrected, the acromion process of the scapula 
may later become hooked downwards over the 
cavity of the shoulder, preventing the normal 
range of abduction of the ann (Fig. 103), while 
the head of the humerus becomes flattened on 
one side where it lies in contact with the 
glenoid cavity. 

Treatment 

The results of operations on the injured 
nerves of the plexus have been so unsatisfactory 
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that treatment should consist solely in the relaxation of the paralysed 
muscles and the prevention of secondary contractures. Thus, in the 
Erb Duchenne type of paralysis, the arm should be placed in a position 
of abduction and external rotation- This position can be maintained by 
the use of a suitable abduction arm splmt. The method has one grave 
disadvantage in the veiy young, as the use of the rigid frame may be 
followed by dislocation of the shoulder. 

It is much safer not to use an abduction splmt during the first 
6-^ months. If the child’s afiected arm is tied behind the head by a 
bandage loop, which encloses the uTist, and is tied round the opposite 
shoulder, a considerable degree of abduction and external rotation is 
obtained. As the child grows older the abduction frame can be applied, 
and massage of the shoulder girdle muscles can be given without any 
alteration in the position of fixation. So long as improvement is occur- 
ring treatment must be continued. 

Treatment of Fixed Contraction. When the early treatment has 
been neglected and deformity of a severe type is already present, treat- 
ment by moulding and fixation in the corrected position m a plaster 
case for 3 months is of value in improving the function of the limb. 
Occasionally the contraction is so extreme and resistant that correction 
cannot be obtained by simple moulding. Under these circumstances 
the operation suggested by Fawbank is often of con-siderable help, pro* 
t'ided the joint it.self is not seriously misshapen. 

Fairbank’s Operation. Through an incision in the line between 
the pectoialis major and the deltoid, the anterior part of the shoulder- 
joint is approached. The upper border of the tendon of the pectorahs 
major is incised and the subscapularis tendon defined close to its insertion. 
This tendon, which is the chief obstruction to the external rotation 
at the shoulder-joint, is then diWded and any other obstructing bands 
released, sufficient to allow’ tlic shoulder to bo placed m the corrected 
position. IVhilst this movemcDt is being completed, the anterior portion 
of the capsule of the joint is usually torn and cannot be repaired by 
suture. After closure of the wound the arm is fixed in the corrected 
position for a period of 3 or 4 days, followed by massage and passive 
movements. If a longer period of fixation is employed, considerable 
rigidity of the joint will follow and the full range of movements may be 
permanently lost. The operation, if carriecl out on patients m whom 
bony deformity is not yet present, results in a definite improvement in 
function. 

Removal of Acromion. AITien the acromion process is seriously 
distorted and it is evndent that the full range of movement is mechanically 
impossible a slight improvement may follow the removal of a portion of 
the process. The reason for the comparatively slight improvement is 
the almost invariable presence of gnws deformity of the humeral head. 



228 ACQUIBED DEFORMITIES 

In the lower arm type of paralysis fixation of any type la of little 
lielp. brassage, exercises and stretching of the fingers, especially of 
the metacarpophalangeal range, improves the mobility and aids the 
activity of any muscles in which power has returned. 


d/i’o.s/m’ ossirwANs traumatica 

The development of bony tissue u'ithin the substance of a muscle 
occurs usually as a .sequel of some localized injury, a sequence of events 
which has given rise to the description of the condition as a traumatic 
myositis ossificans in contrast with the rarer idiopathic type in which 
no predisposing cause can be discovered. The most common instance 
of traumatic myositis ossificans is seen after injuries in the region of 
the elbow, particularly dislocations. If a dislocation of this joint is 
reduced within a few hours of its occurrence, myositis ossificans is a 

very rare complication, providei} 

that the elbow has been kept at 
rest for 2 or 3 weeks following 
reduction. If, however, an interval 
of several daj’s has elapsed between 
the dislocation and its reduction, 
abnorma] bone formation m the 
r^on of the joint is a com- 
paratively common sequel, and its 
occurrence is almost inevitable if 
massage and passive mov'ements 
of the joint have been employed 
as part of the treatment. 

Abnormal bone formation is 
also found occasionally after frac- 
tures in the region of the elbow- 
joint, the usual history being that, 
after a period of fixation of the joint 
for 1-3 weeks, massage and passive 
movements were emjiloyed with the object of restoring the normal joint 
movements, but that this form of treatment, instead of increasing move- 
ment, had beenfollovvedby a steadily increasing diminution in the range. 
The occurrence of this complication may be suspected from such n 
hisiOTy, and the (hagnosis can be catiSmted by the ra<hogmph, which 
shows an. indefinite mass of newly formed bone lying in front of the 
ante-cubital fosi>a (Fig. lOl). As a rule, the new bone is first seen on 
the anterior aspect of Oie lower end of the humerus in tlie substance 
of the brachiahs anticuj muscle, hot on occasion all the muscles nn<l 
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tendons round the joint tuaj" tate part m the alteration and may form 
a solid bony mass, leading to complete ankjdosh. 

A similar type of new bone formation may occur in any muiscle mass 
following severe bruising. Tlie common situations for this alteration 


are the anterior and outer aspects of 
the thigh, although on occasion the 
rectus abdominis and calf muscles 
may be involved. The injury which 
leads to this alteration does not 
usually involve rupture of the 
skin, the subcutaneous hannatoma 
gradually becoming calcified, and 
later ossified, the change being 
indicated not only by the radiograph 
(Fig. 105) but also by the bony 
resistance which develops in its sub- 
etaxicft. 

Etiolocv 

Two suggestions have been 
brought fonvard to explain the de- 
velopment of this abnormal bony 
tisane. 

1. That it results from tearing of 
the periosteum and release of bone 
cells which pas.s into the neighbour- 
ing muscle. This theorj' might 
easily explain those instances of 
myositis ossificans round the elbow, 
but could not explain the develop- 
ment of bone in the substance of a 
muscle completely separated by 
normal tissue from the nearest bone. 

2. Tliat the formation of the 
abnormal bony masses is an in- 
stance of metaplasia, such instances 
of conversion from one tissue to 
another being comparatively fre- 
rjuent in other parts of the body. 



Fio 105.— Ossificaru of Qiiml- 
n«?p<i t^omorn l>erommg quirtr* nt. 


Treatjient 

-Uthongh it may be impos.sible to prevef^t the formation of bone 
after bruising of the thigh or the abdominal wall, the extent of the 
alteration may be controlled by complete rest of the area involved 
and by the absence of all forms of active treatment, such as massage 
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or passive movcinents, at any period. Fortunately the more com- 
mon development in the region of the ellmw-joint can usually be pre- 
vented Ijy intelligent treatment. 

After tlie reduction of a dislocation of the elbow-jomt, particularly 
if there has been an interval Iietween the accident and the reduction, 
rest of the joint for at icast 3 weeks should be insisted upon. After 
that period active movements are permissible, so long as this actmty is 
followed by an increased range of movement. If, however, the resump- 
tion of active movements is followed by a diminution m the range, then 
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further rest is indicated. No massage or passive movements are advisable 
at any stage, and an almost identical routine should be followed in the 
case of fracture in the same neighbourhood Fixation of the broken 
liwie for 3 weeks should be followed by actis’e movements of the joint . 
and if this course is fallowwl consistently, the formation of myositis 
ossificans in tlie region of the elbow will be a \ery rare phenomenon 
If, however, the change has already occurred and a bony mass is 
already present, complete rest of the joint must be instituted imme- 
diately. Radiographs should then be taken at iiitor\'als of 4 weeks, 
and immobilization must lie continued until it is obvious that the new- 
bony tissue is diminishing in size and is becoming smootb and round«l 
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Fig. 106). The growth, which at first is indefinite in outline, graduallj 
becomes more defined and diminidies in size, and even when it does 
not entirely disappear its presence usually lends to little or no incon- 
venience. If, on account of its size, the bony ina.ss interferes with 
the function of the joint, its removal may occasionally advisable at a 
much later date. 

IVlien myositis ossificans has developed in the muscles of the thigh, 
rest of the affected area must be instituted immecliately. As these 
muscles govern the movements of the knee-joint, they can be effectively 
rested by preventing movement at this joint by the use of a long back 
splint. IVhilc wearing this the patient may be allowed to walk about, 
as the movements of the hip-joint nffect the thigh muscles only to a 
very slight degree. The fixation must be continued until the new bone 
has been absorbed, or until it is localized as a rounded bony raas.s which 
is gradually diminishing in size. As in the case of the elbow, no passive 
movements or massage should lie useil at any stage of the treatment, 
and, as a rule, removal of any remaining portion of new bony tissue 
is unnecessar}'. 


VOLKMA?iN'S ISCHJEMIC CO^'TliACTVJiE 

This crippling deformity was originally described in 1875 by Volk- 
inann as a contracture of the fingers and wist which was caused, in 
his opinion, by tight bandaging, following injuries about the elbow-joint. 
It is seen most frequently in children following injuries to the elbow 
or to the bones of the forearm, usually but not invariably after the 
commencement of treatment. It may. however, occur following an 
injury in the neighbourhood of the elbow m o patient who has had no 
treatment of any kind, a circumstance which disproves the statement 
that ^^olkmann’s Isrhffimia is alwaj’s the result of the surgeon’s negligence. 

Etiologv 

Most frequently the condition follows on a supracondylar fracture 
of tlie humerus, where an attempt has l>ecn made to fix the fracture 
by acute flexion of the elbow-joint beyond the limit of safety, and on 
occasions it appears after the fixation of a fracture of both bones of 
the forearm in splints or plaster of Paris. 

Until recently it has been generally accepted that the fibrosis and 
contracture of Volkmann’s Ischsmia resulted from interference with 
the return of blood from the flexor muscles. This opinion was supported 
by the experimental work of Brooks and Jepson, wlio, w otldng on dogs, 
found that ligature of the main artery to a Itmb caused a massive necrosis 
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of muscle without contraction. If, however, the lumen of the artery 
was preserved, while that of the accompanying vein was destroyed, a 
typical, though somewhat temporary, contraction appeared in the affected 
muscles. 

Middleton has shown that the veins from the flexor muscles of the 
forearm converge into one main trunk in the antecubital fossa, an arrange- 
ment predisposing to ohstruction following acute flexion of the elbow, 
or the development of a hiematoma in this region. 

Recently Griffiths has demonstrated that Volkmann’s contracture 
can follow directly on injury to the brachial artery in the antecubital 
fossa, in the complete absence of any sign of venous obstruction or 
hsematoma formation. The artery shows signs of widespread spasm 
of its wall, the lumen being constricted over a wide area, the arterial 
spasm affecting not only the brachial artery itself, but also its ulnar 
and radial branches. Relief of the spasm was obt.^ined by arterioectomy, 
in which a complete section of the artery was removed between Jjgatiires. 
During the operation the greatest care was taken to prevent injury 
to th& flehcate coIbjieraJ vessels, on irbirh the ewppJy of the fare- 
arm depends. 

Pathology 

Some of the fibres of the affected muscles remain more or less normal 
in size and staining reaction, but most show loss of the nuclei of the 
sarcolemma with increase of the interfibriUary fibrous tissue. The trans- 
verse striation of the fibres is lost, and in places the normal stnation has 
disappeared, the individual fibres being converted into a granular 
mass of structureless tissue containing many cells, showing in a few 
places traces of transverse striation. Small round-celled infiltration is 
widespread, these cells e.xerting a phagocytic action on the clogeneratetl 
muscle fibres, and later licing replaced by fibroblasts and new fibrous 
tissue. 

Symptoms 

In a typical onset the patient complains of severe pain m the hand 
and fingers within a few hours of the original injury, or of the reduction 
of a fractiu-e, but unfortunately the value of this mo.st important sign 
of the onset of trouble may he entirely lost when the patient is a young 
cldid and is not able to explain the cause of the discomfort. Tlie hand 
rapidly becomes swollen, the fingers grailuall)' flex, wliilst tliere is a 
gradually increasing loss of power of voluntarj* movements Slowly t!ie 
swelliu" in the hand disappeara, the fingers become more contracted, 
and the flexor muscles of the forearm are felt to be hard and fibrotic, 
while, in addition to the loas of vohmtary movements of the mist and 
fingers, passive dorsiflexion is also lost at these joints. The process 
may be arrested at any stage, so that eventually tlierc may be any 
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degree of defonnity from a slight limitation of full extension of the fingers 
and wrist to the fully formed ty’pical contraction as seen in Fig. 107. 



Fin. 10". — Volkmann'H Ischamm, showing flexion of wrist anti intcrphalangtAl joints 
nith hypercxteosion at mctararpoiihalangpal joints. 


Clinical Picture 

Many instances of a mild of Volkmann's contracture are seen 
following injuries in the region of the elliow. The only abnormality 
may be an inability to dorsifies the wnst and fingers, either actively or 
paasively. The fingers themselves may appear to be unchanged, but 
the rau5cle.s of the fle.xoi aspect of the forearm are always more resistant, 
whilst the strength of the hand and fingers varies little from the normal. 

In the severe type of defonnity the forearm is thin as compared 
with the normal ; the imst is flexed, whilst the fingers are straight or 
slightly over-extended at the metacarpophalangeal joints, and acutely 
flexed at each of the interphalangeal joints. The forearm is fixed in 
full pronation, and active or even passive supmation is impossible. The 
fingers and thumb are usually white and liave lost most of the pad from 
their tips, wliile occasionally definite ulceration may be present, especially 
in cold weather. 

Loss of Sensation. Some diminution in sensation is also invariably 
present over the fingers and thumb. Occasionally the loss of sensation 
over the area supplied by the median or ulnar ner%’e may be complete 
owing to an anatomical division of the affected nerve at the site of injury. 
As a rule, the loss is only partial and is the result of fibrosis in and around 
the median and ulnar nerves, consequent on the interference w'ith their 
normal blood supply. 

Treatment 

Prophylaxis. As the isebsemia in most cases follows the reduction 
and fixation of a supracondylar fcactnie of the humerus, or of a fracture 
of the bones of the forearm in a child, it should be an invariable rule 
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that, after the reduction — which must he completed witli the utmost 
gentleness — the arm must always be examined in 4-C ho{irs. 

Preventive Treatment. The prevention of this deformity is much 
simpler than its correction, and the surgeon who appreciates the danger 
of its occurrence is not likely to meet with it often in his own practice. 

In supracondylar fracture of the humerus, with the usual displacement 
of the lower fragment backwards, reduction of the displacement does 
not follow simple fle.xion of the elbow. The displacement must first 
be reduced and the position of flexion of the joint used simply as a method 
of retention of the fracture. The position of flexion at which the elbow 
is to be maintained should never be the most acute angle possible at 
the joint. The surgeon must always make certain that he can passively 
flex the elbow at least another 5-10 degrees from the position at which 
he proposes to fix the joint by bandage or strapping. 

Similarly, in the case of fracture of the bones of the forearm, retentive 
splints or the plaster-of-Paris case must be applied so that tlie normal 
circulation is not interrupted. If there are sigus of the development of 
contracture, any obstruction to free circulation must be removed Thus, 
mth a fracture of the forearm the splints or plaster case should be taken 
off, whilst in the case of a supracondylar fracture, which is fixed in 
flexion, strapping or bandages are rcmovetl and the elbow brought to 
tight angles. This relief of pre.ssure aloue is usually sufficient to prevent 
any further progress of the condition, and if these details are attended 
to more radical procedures are seldom necessary 

If these simple mechanical measures are not sufEcicnt to stop the 
progress of the deformity, valuable time must not be lost. The region 
of the anteeubital fossa should be explored, and the orterial and venous 
system there inspected. A mechanical obstruction, in the shape of a 
displaced fragment of bone, if present, should be dealt ivith by recluction, 
and a severe arterial spasm sbould be treated by altering the position 
or by cxscction. 

It is as yet undecided whether in every case of arterial spasm exsection 
of the affected portion of the artery is necessary. In several instances, 
by altering the position of the limb, the spasm iias apparently been 
relieved, and signs of contraction have disappeared. 

Mechanical Treatment of the Severe Type. Of the many metliods 
advocated for the treatment of the fully established tleforniity, tlie 
method of stretching the contracted muscles by sphntage, as advised by 
Robert Jones, has proved itself to be the most sutcefaful. The method 
is simple and depends on the stretching of the contracted muscles. M 
dorsiflexion of the wrist causes increased flexion of the fingers, the wrist 
IS first fle.xed so that the fingers are fully extended Finger apiints are 
now applied in tins position, and after continued stretching for days, or 
weeks, it is found possible to apply a straight splint on the palm and 
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fingers, the finger splints being also retained. Continued stretching bj* 
means of this splint results in the wrist and fingers being brought almost 
into line Nvith the forearm, when a straight splint may be applied. 
Eventually the wrist is brought to a position of slight dorsiflexion, 
after which the splints may be removed for massage and exercises, and 
are for some weeks replaced at night in order to prevent a recurrence 
of the deformity. It is very important to remember that, during the 
whole course of stretching, the finger splints should be maintained in 
position, as their presence allows pressure to be applied over a wider 
area, and so prevents the pressure sores which would otherwise form 
on the finger-tips. 

An improvement in the appearance of the hand can also be obtained 
by the operation of muscle sliding, described fay Max Page, in which 
the internal epicondyle is detached from the humerus, and. after division 
of the flexor muscle origin to the ulna, the detached condyle is slid down- 
wards, to he reattached to the inner border of the ulna about 1-2 inches 
lower down, thus providing a shorter course for the contracted muscles, 
and allowing the fingers and v>Tist to be brought to the horizontal plane, 
or even into dorsiflexion. 

It is important to realize that, in both these forms of treatment, 
the improvement in the appearance and function is largely due to an 
alteration in the position of the hand and wrist. If no voluntary move- 
ment IS present in the flexed position of the hand and fingers, it is improb- 
able that any active movements will be possible after correction of the 
defonnity. This is especially so following the open operation, which 
simply results in alteration of the angle of action of any functionmg 
muscle fibres, and not in any increase in the range of movement. 

The method of gradual stretching of the fingers leads to a lengthening 
of the fibrous and remaining active ttssue, and a successful correction of 
the deformity by this line of treatment is usually followed by slight 
increase in the range of active movement in the new position. 

The operations of lengthening the tendons of the contracted muscles, 
of excision of the carpus and shortening the radius and ulna, have been 
abandoned on account of the consistently poor results which follow their 
use. 


TORTICOLLIS 

Torticollis, or wrj' neck, a deformity of the cemcal spine, may be 
present at birth or may make its appearance at any later period. 

Sraxs 

In its typical form the head is tilted over to one side, whilst the 
chin points upward and towards the other side. The stemomastoid 
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muscle on tlie concave aspect can be felt as a contracted firm band, in 
which either tlie sternal or cUvreuIar heatl may appear to be alone 
involved in the contraction. Careful examination will usually show 
that, wliilst one head of the muscle may Ims more prominent th.m the 
other, both are taking part in the contraction (h'lg lOS). 


ClISIC4L Tvpes 

1. Essential or Primary Torticollw. 

2. Secondar)’ Torticolhs. 

Primary Torticollis, or the defomiity which « caused by an altera- 
tion in the structure of the stcraomastoid, may be present ns n definite 
♦leformity at birtb, or may not make 
its appearance until as late as the 
tenth year of hfe 

Pathology. E.xanimation of the 
coiitracteil muscle reveals a fibrotic 
infiltration of the muscle, which is not 
80 long nor so large ns the correspond* 
mg muscle on the other side of the 
neck. Patches of fibrous tissue are 
distributed between the muscle fibres, 
which arc thereby diminished in size 
and number. Secondary adaptive 
changes is tlie soft tissue follow , 
thus, the cervical fascia on the affected 
side IS shortened, curvature of the 
cervical spine develops, and a definite 
as^mmietiy of the face can he recog- 
nized in the older cliildren. This 
asjTumetry would appear to be solely 
the result of the position of deformity, as a similar hemiatrophy is seen 
after prolonged fixation of the head from any other cause, such as 
cervical tuberculosis. 

Double Torlicollls. Occasionally both sleriiomastoid muscles are 
contracted, producing a peculiar deformity of the head and neck , the 
shoulders are high, the Iiead is held forw.ard and both niu<!de» arc 

The e.xact etiology is obscure. Many children at birth 
present a definite tumour over the middle of one of the stcrnoinastoid 
inusdes. This seems to give a simple explanation of the development 
of torticollis— a rupture of the stemomastoid muscles, development of a 
hierantoma over the site of rupture and subsequent contraction of tlie 
fibrous mass. Unfortunately such a simple explanation cannot entirely 
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explain the condition, because, after ruptuie of a muscle, stretching rather 
than contraction is the inTariable rule, and secondly, several of these 
so-called stemomastoid hamatomata have been dissected and have been 
shown to contain little or no blood, the lamp being caused by a localized 
ccdema. It is, however, possible that, if the stemomastoid muscle is 
already contracted before birth, stretching of the contracted muscle at 
birth may lead to the formation of a super-added hsematoma. 

It appears that the deformity results from the occurrence in the 
affected muscle of a process similar to that occurring in Volkmann’s 
contracture, and it is suggested that the scattered fibrosis of the sterno- 
mastoid muscle results from an interference with the circulation in the 
muscle, the fibres gradually liecoming shorter, leading to contraction 
with consequent defoniuty of the head. This contraction of the muscle 
may be present as a fully developed deformity at birth, producing a 
so-called congenital torticollis, or it may gradually increase from a very 
slight shortening leading to the appearance of the deformity at a later date. 

Secondary Torticollis. This group contains all the other conditions 
of bony abnormalities or pathological changes which lead to the develop- 
ment of a lateral deviation of the cer\*ical spme with a secondary con- 
traction of the muscle. Included in the group ate : 

1. Bony abnormalities of the cervical vertcbr®. 

2. Irritative conditions of the cemcal region (inflamed glands, etc.), 
producing spasm of the stemomastoid. 

3. Tuberculous or other disease of the cervicol spine. 

4. Ocular abnormalities. 

5. Spasmodic torticollis. 

DtFVEREXTlAL DuGNOSIS 

As a rule, there is little difficulty in determining the cause of the 
lateral deriation, the cerrical spine bemg mobile m all directions except 
that in which it is opposed by the contracted muscle. Occasionally 
difficulty is experienced in differentiating between torticollis and Pott’s 
disease of the cervical spine. In the early stages of this disease little 
help can bo obtained from the radiographic appe.irance of the cervical 
spine, even the most careful examination may fail to detect any bonj’ 
abnormality. The diagnosis at this early stage is often made on the 
clinical examination alone ; when movements of the neck are attempted, 
even in the earliest stage of the disease, all the cervical muscles become 
contracted and all movement is resisted, while with torticollis, all move-' 
ments are free and unrestneted except that oppo.«ed by the contracted 
stemomastoid muscles. One clinical observ’ation Is frequently of help 
in the differential diagnosb. In torticollis the chin is twbted away from 
the contracted stemomastoid muscle, whilst in Pott's disease the chin 
points towards the contracted muscle. 
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Inflamed Cervical Glands. These are usually distinct and painful 
and give little trouble in diagnosis. 

The other conditions which produce a secondary torticollis uaiiallj 
cause little trouble in diagnosis, and a careful examination of the patient 
will demonstrate their presence. 

Treatment of Torticollis 

Non-operative. 3Iild cases which come for treatment early can be 
dealt with adequately by manual stretcfauig of the contracted structures, 
combined with massage of the muscle tumour. This treatment is carried 
on several times daily for at least 3 months, or until all signs of the 
deformity have disappeared. The mother, or nurse, should be instructed 
to carry the child on the arm so that, ns the head falls inwards, the 
contracted muscle is stretched. 

Operative. When it is evident that manipulative treatment is 
inadequate, or after the attempt at cure by manipulation has failed, 
open operation should be undertaken. There is one imiiortant rlmical 
point to remember before operation for torticollis on any child over 
3 years of age. Always demonstrate to the parents that the face is not 
symmetrical, as this want of symmetry becomes more apparent after 
correction of the deformity, and it ouy be suggested that the operation 
has produced the atrophy of one side of the face and skull 

Open Operation. Through an incision 1 inch long, extending 
obliquely upwards and outwards from the inner end of the clavicle, the 
two heads of the muscle are defined and divided close to their bony 
attachments. After the disision the rotation of the head is only slightly 
improved, on account of the contraction of the deep cervical fascia, this 
is then put under tension and divided until free rotation and abduction 
are possible. Following the complete o|>eration in a cliild under the 
age of 4 years, no form of ngid corrective retention is neccssarj-. the 
child’s head being placed in the corrected position between sandbags 
until the removal of the stitches. Exercises are subsequently continued 
for at least 2-3 months, and during this time it will be noticed that 
the facial asymmetry gradually disiippears. 

If the patient is over 0 years at the time of operation a plaster-of- 
Paris corrective cast rpay be retained for at least 2-3 weeks after the 
operation. 

Tenotomy. It is claimed that a smeessful result can be obtained 
by tenotomy of the stemouiastoid, and that this method of treatment 
IS preferable because of the absence of the operation scar. Its use, 
however, has all the disadvantages of an incomplete operation, as the 
deep fascia, which is equally at fault, cannot be divided on account 
of danger to the underlying vessels and ners’es. As the operation is 
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only partial, prolonged after-treatment is essential, and for various 
economic reasons adequate after-treatment may be impossible. 

Division of the Upper Attachment. When the patient is a female 
it may be difficult to persuade the parents that the small scar of operation 
over the lower attachment of the muscle will soon disappear and leave 
only a slight mark. Under these circumstances it may be considered 
justifiable to detach the upper end of the muscle from the mastoid process 
the subsequent scar being then covered by the hair. This procedure is 
technically more difficult and complete division of the deep fascia is 
usually impossible. 


SPASMODIC TORTICOLLIS 

This variety of secondary torticollis differs from all others in its 
mode of origin, clinical signs and treatment. Adults only ate affected, 
and usually only those a-bo are subject to mental strain, or those engaged 
in very delicate manual labour, the ordinary outdoor worker never 
being affected. 

Sioss ANP Symttoms 

The first complaint is usually one of intennittent stiffness m the 
back of the neck. This gradually alters m character, and intermittent 
muscle spasms develop in the cerv'ic.!! muscles which tilt the head laterally. 
At first, deviation of the head may be prevented by a strong voluntary 
muscular effort, but gradually this power of control is lost and the recur- 
ring deformity becomes increasingly frequent. The first muscles taking 
part in the spasm are the stemomastoid muscle of one side and the 
posterior cervical muscles of the opposite side. In the absence of success- 
ful treatment this clonic muscular spasm tends to spread and may affect 
the muscles of tlie face, arm or spine, so that on each recurrence of the 
spasm the patient may be turned round or almost lifted from a chair. 

Prognosis 

If treated efficiently and m the comparatively early stages the prog- 
nosis is good, but if tlie condition has been present for many years, and 
if the spasm has spread to other areas, little can be done to improve it. 

' Treatment 

Any local condition, such as carious teeth, infected tonsils, or defects 
of vision, which might pos.sibIy cause or increase the nervous irritability, 
should be attended to before direct treatment is instigated. Following 
this the patient should be taken away from all work and worry for at 
least C months. It is adWsable that this period of rest should be spent 
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in the country away from all distractions and omusementa, and complete 
bodily and mental rest should be the aim of treatment. 

Locally, all movements of the head most be prevented by the wearing 
of a collar, tlie most suitable being o moulded block-leather collar, which 
extends over both shoulders and under the occiput and chin so that 
movements are efficiently controlled (Fig, 109). The ordinary low type 
of collar cannot possibly be effective in controlling the spasms and its 
use must always result in failure. 

The collar should preferably be of inouldeil firm leather, as the use 
of the slightly more efficient plaster-of-Paris case is usually followed by 
pressure sores The collar, which is carefully removed once per day 
for washing the skin, is worn day and night, ami. whilst it may add to 
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the patient’s discomfort for the first C-6 weeks, continuation of the 
treatment results, in the large majority of cases, in complete cessation 
of the spasm and in relief of the patient. 

No other form of treatment, such as massage or electrical stimulation, 
is necessarj’ or advisable, as their use can only lead to a reappearance of 
the spasm and recunence of the deformity. 

Operative Treatment. In the operative treatment of this condition 
the sensory and motor roots of the Ist, 2nd and Srd cerwral nerves on 
the affected side arc divided, cither after theic emergence from the spinal 
canal, or close to the cord after laminectomy. In addition to this the 
spinal accessory nerve is also divjdeil on the opposite .side m the hope 
of eliminating all the spasm. The results of those veiy elaborate surgical 
procedures are so invariably disappointing tliat they should never be 
undertaken. 



CHAPTER XVr 
THE FOOT 

In its structure the foot has been wry aptly described as a hemisectjon 
of a dome, its highest point being the astragalus through ^-hich the body 
weight is transferred from the leg to the tarsal and metatarsal bones. At 
each of the tarsal and tarsometatarsal joints the ligaments which support 
and bind the bones together vaiy in strength, according to their position 
and the amount of strain to which they ate subjected, those on the dorsum, 
which do not normally hear strain, being weak, while those on the plantar 
aspect are particularly strong. 

With a normal arch and the foot in the neutral position, most of the 
body weight falls in the line of the second metatarsal, being borne 
posteriorly through the os calcis and anteriorly through the heads of all 
the metatarsals, particularly the Ist, 2nd and 5tL. In tlic normal foot 
weight is borne along the whole extent of its outer border, while on the 
inner aspect there is no direct contact between the sole and the ground, 
the weight passing through this section of the tarsus and being supported 
by muscles and plantar ligaments. In its bony arrangements the outer 
border of the foot is mechanically more stable than the inner, the articular 
surfaces of the calcaneo-cuboid joint being wide and flat, and firmly 
supported by their position in contact with the ground, while on the inner 
side of the foot there is no articulation between the sustentaculum tab of 
the os calcis and the scaphoid. In this interval the under surface of the 
head of the astragalus rests on the strong calcaneo-scaphoid ligament, 
which fills in the gap, the point of contact between the ligament and the 
bone being indicated on the surface of the head of the astragalus by a 
special articular facet. This mechanical arrangement of the foot, by 
which its outer border is supported on the ground while the inner aspect 
or arch is raised, permits the movements which take place in the tarsal 
and tarsometatarsal joints in response to variations of pressure and strain. 

Tlicre are two chief factors in the support of the arch • 

1. The muscles of the leg and foot which, by their contractions, 
support the arch and prevent the strain of body weight being borne 
directly and solely on the ligaments of the foot. 

2. A series of complicated ligaments of different strengths extending 
between the adjacent tarsal and metatarsal bones and between the tibia 
and fibula and some of the tarsal bones. 

No ligament, however strong, can indefinitely resLSt the strain of 
weight-bearing, and. unless adequately protected against this force, the 
ligaments of the foot gradually stretch and tlic deformity of flat foot 
appears. 

»1 



242 


THE FOOT 


Muscles 

Most of the muscles below the knee take part in the support of the 
arches of the foot. Thus, the short inlnnsic muscles of the foot— the 
flexor brens digitorum, accessorius, abductor minimi digiti and abductor 
hallucis— are of great importance m maintaming the normal position of 
the tarsal bones. They arise from the <« calcis and are inserted into the 
base of the proximal phalanges of their respective toes. In their contrac- 
tions these muscles perform not only their particular function of flexin" 
or abducting the phalanges into which they are inserted, but they also 
tend to approximate the anterior to the posterior part of the foot, thereby 
raising the arch and preventing its collapse. Most of the muscles wluch 
arise in the leg and are inserteil into the foot m front of the ankle-joint 
act more or less as arch supporters, hut certain of them are of special 
importance. The tibialis posticus, passing into the sole from the inner 
side, IS inserted into the pKantne aspect of the tarsus, being attached to 
every tarsal bone v,ith the exception of the astragalus, and also into the 
bases of the 2nd, 3rd and 4th metatarsak The peroneiis lougiis, passing 
into the sole round the cuboid from the outer side, is inserted into the 
base of the 1st roetatars.a! Those two muscles, through their tendons, 
act as a definite suspensory strut, which on contraction tends to prop up 
the mid-tarsal area and nlloivs the front and back of the foot to fall 
away. Likewise, the tibialis anticus muscle, whoso tendon is inserted 
into the inner side of the scaphoid and cuneiform, lifts the inner border 
of the tarsus and so maintains the greater height of the arch on this 
aspect. 

The flexor longus hallucis and the flexor longus digitorum muscles 
also help in maintaimng the arch ; by approxim.iting the toes to the heel 
they increase the height of the arch and by their contraction support it, 
especially when the other gu^ensory muscles are \nelding through weak- 
ness or overstrain The flexor longus hallucis tendon enters the sole 
behind the internal malleolus, passes along the inner side of the tarsus and 
is inserted into the base of the terminal phalanx of the great toe, which, 
in the normal foot, lies m the direct line of the 1st metatarsal. M’lth the 
great toe m the normal position the support given by its long flexor 
muscle is of considerable importance to the inner side of the foot, but if 
the toe is deviated to any considerable degree, as occurs in hallux valgus, 
the tendon camiot act to advantage ami, with a loss of its supporting 
action, the strain on the other muscles is increased. 

So long as these muscles ofthelegand foot are sufficiently powerful or 
are not overused sjTuptonis of foot strain do not appear, but if, because of 
excessive weight or loss of muscle tone through illness or fatigue of the 
muscles, this function of weight-bearing cannot be carried out. signs and 
symptoms of foot strain develop rapidly. 
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STATIC DEFOHMITIES OF TKE FOOT 

Ligaments 

The tarsal and metatarsal bones are joined together by ligaments 
which pass between the neighbouring bones on their dorsal and plantar 
aspects. Those on the dorsal or convex aspect are subjected to a miniraum 
of strain and are, therefore, comparatively weak, while those on the plantar 
aspect, whose function is tlic retention of the normal relation between the 
bones of the foot, are subjected to great strain, and, in consequence, are 
strongly developed. They are not, however, of equal strength all over the 
foot, but are especially developed on the inner side where the greatest 
strain is borne. 

Tlie inferior calcaneo-scaphoid or spring ligament, which joins the 
under surfaces of the os calcis and scaphoid, is the tbicke.st, strongest and 
most important ligament in the sole of the foot. It extends between the 
sustentaculum tali of the os calcis behind to the under and inner side of 
the scaphoid in front, and on its upper surface it directly supports a small 
area of the under surface of the head of the astragalus. The outer border 
of the foot is supported by the long and short plantar ligaments, which 
extend between the lower surfaces of the os calcis and cuboid. The 
&Q-shaped internal lateral or deltoid ligament of the ankle-joint lies on the 
iimei aspect, attached by its narrow end superiorly to the mtemal 
malleolus, while infenorly it spreads out to be attaclicd to the os calcis, 
calcaneo-scaphoid ligament and scaphoid. While not comparable in 
strength with the spring ligament, it is of the very greatest importance in 
maintaining the normal alignment of the foot. It prevents eversion, and 
by its attachment to the medial side of the scaphoid limits abduction of the 
fore part of the foot, which is the usual beginning of deformity. 

The plantar fascia, from its narrow' attachment to the tuberosity of the 
os calcis, spreads out as it passe.s fonvards to end in five slips, which are 
attached to either side of the inctatarsopbalangeal joints and to the base 
of the first phalanx of each toe. This strong fascia has two functions ; 
firstly, it helps to retain the arch— as the string maintains the shape of the 
bow — and seconiUy, it protects the muscles, vessels and nerves which lie 
under its cover from the constant injuries to which they would be subjected 
in walking. 


STATIC DEFOnMITIES OF TUB FOOT 
Everted Foot and Flat Foot 

The^ two deformities, although frequently occurring together, are in 
reality distinct and separate clinical conditions which differ in prognosis 
and in treatment. When a child stands for the first time the whole of the 
sole of the foot comes in contact with the floor. There is apparently no 
arch present on the inner side of the foot, although on examination it is 
evident that the tarsal bones on the inner side are at a higher level than 
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along the outer border. Tlii% appearance of complete flat foot in young 
children, which can be considercil normal, is caused by the presence of an 
ahnonnally large deposit of fat, combined with the hick of experience in 
the method of using the calf muscles to hft the inner side of the tarsus. 
Soon after commencing to walk the apparent flat foot disappears, the 
raising of the inner side of the tarsus becomes obvious and the normal 
movements of the foot at each of its constituent joints leads to an improve- 
ment in walljing, and to the normal spnng reaction in the foot itself. 


Everted Foot 


AJtliougb occiiiring also in adults, eversion, or pronatto}} of the foot as 
a single deformity, is commonly seen myoiing children in whom the laxity 
of the internal lateral ligament has permitted the foot to roll outwards 
from its normal iKisition below the tibia. As a consequence, the line of 
strain of weight-bearing Las changed from its nonnai position along the 
2nd to the Ist metatarsal, or even to a point on the tibial side of this bone. 
In these young <hildren n simple erersioo of this kind causes little or no 
i]>scoj}}foTti the child usmilly bein;? seen because the parents have nohced 
the deformity of the foot, or the abnormal prominence of the internal 
malleolus. Associated mth the ever- 



sion of the foot there is often a con- 
siderable degree of genu valgum which 
still further increases the appearance 
of deformity and leads to the mistaken 
diagnosis of flat foot 

On examining such a foot it will 
i>c found that when the strain of 
w'eiglit-bearing is removed the normal 
alignment of the foot and leg is re 
stored and it is evident that there is 
no real falling of the longitudinal arch, 
although increased mobility is present 
at the ankle-jomt In spite of the 
eversion of the foot and the genu val 
gum, these clultlren often stand and 
walk with the toes turned inwards, in 
an unconscious effort to correct the 
deformity and to throw the weight on 
the middle or outer border of the foot 
Unfortunately tins turning in of the 
toes W usually considered by the 
mother or nurse to be a deformity, and 
the child i.s constantly conected and 
told to turn the toes outwards. If u 
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child suffering from simple eversion of the foot, with possibly some 
genu -v'algum (Fig. 110) and no other demonstrable deformity, continues 
to walk with the toes turned inwards, then this method of walking 
should be encouraged. The so-called deformity of inturned toes will 
disappear as soon as the necessity for it — namely, the eversion of the foot 
and the genu valgmn — has been corrected. If the child does not already 
walk in this manner, treatment should consist in the application of a 
Thomas heel to the child’s shoe. The alteration here consists in raismg 
the inner border of the heel of the shoe one-sjxth of an inch and con- 
tinuing the heel half an inch forwrard on the inner side, so that on stand- 
ing the bodj’-weigbt is borne more on the outer border of the shoe — an 
alteration which tends to rotate the foot inward. These alterations 
must be maintained so long as the deformity is present and should only 
be removed when the legs and feet return to normal. 

Flat Foot and Foot Strain. Pes valgus, or flat foot, is the term 
used to describe the wide variety of types of deformity m vvhicli the 
common factor is the falling of the inner longitudinal arch of the foot. 
The falling may or may not be associated with pain, and in some instances 
the change from a normal foot to a condition of complete flattening of the 
arch takes place %vithout causing any discomfort or djs.abihty to the 
patient. As a rule, the patient complams of pain during the whole course 
of the alteration of position, the pain being usually n,ssociated with 
tenderness on the inner border of the foot, and with pain or aching up the 
leg on both aspects of the tibia along the stretched tibialis anticus and 
tibialis posticus muscles, wluch normally support the arch. The cause of 
this failure in support can be found in an inequality between the strength 
of the supporting muscles and the work they have to perform. Thus, 
increasing weight of the jiatient. excessive strain through long-continued 
standing or marching, ortemjiorary muscle weakness following illness, may 
each lead to failure of the normal muscular mechanism. Similarly, badly 
fitting shoes may prevent the normal action of the short muscles of the 
sole which nonnally have a coasiderabte supporting value. 

As a result of one or more of these factors, the ligaments of the foot are 
subjected to an abnormal and continued strain which is naturally greater 
on the inner aspect of the foot. Continuation of the strain eventually 
causes a lengtliening of all the ligaments, particularly of the internal 
lateral and the calcaneo-scaphoid ligaments, which arc the most unportant 
factors in maintaining the normal bony relationships. As these liga- 
ments stretch, the space between the sustentaculum tali and the scaphoid 
is increased, the head of the astragalus falls downwards and the shape of 
the foot on the inner side is altcr^ from a concave to a conv’ex outline. 
The falling of the arch and stretcliing of the ligaments is accompanied by 
tenderness over the whole of the inner side of the foot, but particularly 
under the tubercule of the scaphoid, the point of attachment of the 
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calcaueo-scaphoid aad interna! lateial ligaments. The pain and disability 
which follow falhng of the arch depend to a large e.'ctent on the rate at 
wliich this has occurred ; thus, a gradual yielding, e.'ctending over a period 
of years, is usually a comparatively painless proces.s, while an acute 
yielding generally causes severe piun. 

Rapid falling of the arcli commonly follows excessive and unaccus- 
tomed use of the feet ; as an example, an army recruit taken from a 
sedentary occupation has to match ten or even twelve miles, an effort 
which is beyond his strength. Because of the sudden and severe strain on 
the feet the ligaments are stretched, the feet are acutely painful and show 
considerable cederaatous swelling, which disappears after rest in bed, but 
reappears the next day on any further attempt at marching. This con- 
dition of acute foot strain can he recognized by the seventy of the 
tenderness, swelling and sp.asm of the overstretched muscles, the whole 
condition returning to normal if sufficient rest is provided together 
with physiotherapy to improve the circulation. 

At first, as the arch falls the normal position of the foot can be readily 
restored by the patient removing the weight-hearing strain from his feet. 
Later, with long-continued stretching of the ligaments, adhesions develop 
at the insertion of the ligaments into the hones, limiting the mobility of the 
foot in every direction It is evident then tliat feet which were at first 
mobile can become rigid owing to ligaraenfoiis stretching and the forma- 
tion of adhesions. 

Classification 

In order to appreciate the development of the deformity and the most 
suitable method of treatment which should he employed in its correction, 
it is advisable to sub-divulc flat feet Into the following groups : 

(а) Congenital. 

fMobile. 

(б) Acquired < 

1 Rigid. 

(a) Congenital Flat Foot 

The congenital type of flat foot forms a comparatively smufl group, and 
the deformity is usually discovered soon after birth. Owing to the 
arrangement of the tarsal bones in this type of flat foot the sole of the foot 
appears to be convex, the apex of the promontor)’ being caused by the 
presence of the head of the astragalus on the under surface. From this 
prominence m the middle the sole rises at either end. both the heel and the 
ball of tho bsatig at a higlwT level ttian tlw nwklle. Tlte calf luusclei 

become contracted, preventing the descent of the heel, and maintaining 
the convex position of the sole of the foot at every angle of plantar or 
dorsiflexion. Passively, it is impossible without very coii-«idemhIe force 
to restore the arch, the extensor tendons of the toes standing out firmly 
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when an attempt h made to invert and addnct the foot at tlie niid-tarsal 
region. The radiograpli shows the tibia articulating with tlie posterior 
part of the upper surface of the astragalus, while the body and head of 
the bone are pointing into the sole (Fig. 111). Tlic head of the astragalus 



Ho. Ill — Congenita! rial Foot •honing lutragaln* pointing downwnrtlii, normal foot 

alK>\r It 

can be seen to he at the same or a slightly loiter level tiian the lower 
surface of the os calcis and scaphoid, w hilst the posterior articular surface 
of the scaphoid, which normally articulates with the head of the astragalus, 
now lies in contact with the dorsum of the bone. 

TbEATJIEJTT of CoXOENtTAL FhAT FoOT 
If treatment is begun in the first few months of life some improvement 
in the shape and function of the foot can be expected ; although the 
restoration of a normal appearance is generally impossible, yet function 
is good, and the later development of burs® and callosities is prevented. 

The correction of the deformity is alwaj’s difficult. The foot must be 
moulded under anesthesia until the anterior portion has been brought 
more or le.ss into line ivith the posteriorsegment. Tliis moulding, however 
efficient, must be repeatetl on several occasions, the foot in the intervals 
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l)emg fixed in the lorrectod iwsition in a plaster cast. In the final mould- 
ing the arch is restored as completely as possible, and the foot is fixed 
in the corrected position about 15-20 degrees above right angles, the tendo 
acliiliis having been lengtlicned by a Z-shaped division. Finally the 
muscles are developed by exercises and by the nlteratton of the line of 
body-weight when the child b^ns to waik (Figs. 4 and 5). 

If treatment h.as been neglected and callosities have already formed on 
the sole under the head of the astragalus, then complete correction of the 
deformity is impossible. Improvement can, however, still be obtained ; 
the foot should be moulded as before until no further improvement is 
pos.sible, the tendo achillis and the posterior part of the capsule of the 
ankle-joint lieing stretched or divided If long-continued moulding has 
failed, and there is still a definite boat-shaped deformity of the sole of the 
foot causing disability and pain, then an operation for removal of the head 
and neck of the astragalus, followed by corrective moulding, affords the 
best chance of relief. 

The operation is carried out through a dorsal incision, the extensor 
tendons being pulled inwards, the neck of the astragalus divided, and tlie 
head of the bone removed. After this the foot is moulded into concawty, 
but, if this is impossible, it may be necessary to perform an osteotomy of 
the anterior portion of the oa calcis, when correction becomes simple. 
Fixation in the corrected position in a plaster case for 8 weeks, followed 
by the wearing of suitable shoes and regulated exercises, leads to a steady 
improvement. Tlic result of the operation is usually an improvement in 
the shape and appearance of the foot with little alteration in its mobility. 

(f») Acquired Fiat Foot 

Excluding the very small group of congenital defonnitiea, all other 
types of flat feet are acquired. As the ilefomiity is caused by a want of 
proportion between body-weight and the supporting muscles of the foot, 
the defonnity naturally occurs commonly at two distinct periods of the 
life cycle ; the first in children who have grown rapidly ami m whom the 
muscle power has not increased in proportion with the height and weight 
of the body, and, secondly, in middle ond later life, when there has been 
a definite and steady incre.asc in body-weight without any compensatory 
increase in muscle power. 

Symptoms- Although occasionally the deformity apjiears without 
causmg pain or discomfort, yet such a history is the exception. As a rule, 
the patient complains of aching anti temletuesa in the foot before any 
definite falling of the arch can be demonstrated clinically. The usual 
.story is that the foot feels tired and aches all over, more especially on its 
inner border, where tenderness can be elicited by pressure on the tubercle 
of the scaphoid. At this spot, the internal Lateral ligament of the ankle 
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and the spring ligament of the foot are both attached with a definite 
intermingling of their fibres, and true falling of the arch cannot occur 
without stretching of both ligaments. Following continued strain the 
internal lateral ligament may be tender, especially along its anterior 
border, and the sense of discomfort and even tenderness may extend np 
both sides of the tibia along the csourse of the tibialis antiens and posticus 
muscles. In addition, tenderness may be present under the tip of the 
external malleolus. These symptoms are present at first only during 
weight-bearing, and disappear when the patient is resting, but later pain 
is present all the time, although it is increased by use of the foot. 

This may be described as the typical luatory : firstly, pain which 
appears during falling of the arch, which may be called the stage of foot 
strain ; then definite falling of the arch which may be partial or complete ; 
but, although the disability can be recognized with comparative certainty 
from this train of signs and symptoms, many other points must be 
investigated before the appropriate treatment can be undertaken. 

The normal foot has a range of dorsiflexion of at least 10 degrees above 
a right angle, and of plantar fle-xion at least 40 degrees below a right angle, 
with a varying amount of inversion and eversion. In the adult, especially 
in a woman, the power of docsifiexion is usually diminished, and the limit 
of this movement of the foot, even with the knee bent, may be a right 
angle or even 6 or 10 degrees below this point. The exact range of move- 
ment must first be determined before commencing the treatment of any 
patient suffering from flat foot. If the foot cannot be dorsiflexed, excessive 
pressure Is borne on the heads of the metatarsals n ith consequent flatten- 
ing of the transverse arch. An examination of the foot m regard to its 
range of inversion and eversion is equally important. If inversion of the 
foot cannot be performed, either actively or passively, then it is obvious 
that no benefit will follow shoe alterations or the use of insoles, which are 
designed to alter the line of weight-bearing. The varying ty^ies of 
acquired flat foot may be mo't suitably described under the following 
simple clinical classification : 

(a) Jlohile. 

{ Fibrous. 

Bony. 

Spasmodic. 

In the first or mobile type of flat foot the deformity and, as a rule, the 
pain are present only during weiglit-beariilg, but when relieved from strain 
the normal shape of the foot is restored and the pain usually disappears, 
or at least is considerably relieved. 

In the second or rigid t)'pe this restoration of the nonnal shape of the 
foot, after the removal of body-weight, does not take place, and the 
deformity remains more or less coolant. 
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J. Fibrous Rigid Fiat Foot 

In tliis subdivision are included those cases of flat foot which cannot be 
restored to normal shape, either passively or actively. The rigidity is 
usually caused by the presence of adhesions, which have formed asa re.sult 
of long-continued ligamentous strain or follo^viug infection of the tarsal 
or tar.sometatars.al joints. In the first group the adhesions are extra- 
artictdar, and in the latter fibrous bands are present also between the 
roughened articular surfaces (Fig. 112). 



I - . — -! 

Fio. US.— Rigid Fist Foot due to arihntic rbange brtveen tcaphmd And ucrngalui 

2. Bony Flat Foot 

Here, as a result of tmunia, or of long-continued displacement, or septic 
infection of the tarsus, definite structural alterations have taken place in 
the bones of the foot ; attempts at passive inversion of the foot arc always 
unsuccessful, and, although the deformity is often severe, even prolonged 
weight-beanng may cause little pam or discomfort. 

3. Spasmodic or Spastic Flat Foot 

Although muscular spasm is present in many ty[ie3 of painful feet, the 
clinical entity, known as spastic flat foot, occurs as a rule in lioys between 
the ages of 14 and 18 years. The foot is firmly fixed in c.Ttrome eversion 
with spasmodic contraction of the peroneal muscles ; the absence of any 
true mechanical block to inversion may be demonstrated under nnaisthesia, 
when the foot can easily be moved into any desired position. The typical 
deformity is seen in boys who have taken on heavy work, sucli as carrying 
parcels or heavy -Heights, directly after leaving school. Although many 
ingenious theories have been advocated to eipfain tlie origin of the 
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condition, none of them has received general acceptance. The most 
popular theory is that the muscle spasm is protective in character and 
caused hy the occurrence of a traumatic arthntis or synovitis of tlie 
astragalo-scaphoid or sub-astragaloid joint. Support for this theor}' is 
lacking, as, even when the deformity is of long standing, no radiographic 
changes can be seen in the suspected joint. There arc, however, certain 
clinical features which are more or less constant , firstly, a definite tender- 
ness over the internal lateral hg.inient of the ankle, and secondly, 
tenderness and occasionally pain along the peroneal muscles. 

The deformity is also occasionally ns.sociated ivith a development-al 
abnormality of the bones of the tarsus, in which the os calcis articulates 
or fonns one continuous bony mass with the scaphoid. The abnormality 
cannot usually he recognised m antcro-postcrior or lateral radiographs, 
but when present it is clearly demonstrated if the picture is taken 
obliquely from above downwards and inwards. >lTien present this 
abnormal bone formation prevents correction of the deformity, even under 
complete anaesthesia, and its presence may be suspected by the appearance 
of muscle spasm at a much eatOcr age. 

There are thus two defimte clinical groups in which this condition of 
spasmodic or spastic flat foot can be recc^ized. The first in children 
between 5 and 7 years of age m whom, almost invariably, a bony bridge 
or articulation exists betw’een the scaphoid and the os calcis. The 
second, and more common tjqie, occurring usually in boj's of 14-15 years 
of age, in which no bony abnormality can be demonstrated, and for 
whose cause no suitable explanation has yet been advanced. 

Treatment of Flat Foot 

Treatment of the acquired type of flat foot consists mainly in correction 
of the line of weight-bearing m the foot from the abnormal to the normal, 
which is the line of the 2nd metatarsal, and the building up of the strength 
of the muscles and tendons which support the arch in its new position. 
If the foot is mobile, then deviation of body-weight is a simple procedure, 
but, if the foot is rigid the alteration may be obtained only by operation, 
or may indeed be impossible. 

Treatment of Mobile Flat Foot. So long as the foot is mobile its 
line of weight-bearing can be easily corrected. The simplest method is by 
raising the inner margin of the heel and sole of the shoe as described by 
Thomas (Fig. 4), in which the inner SKle of the heel of the shoe is raised 
one-eighth or one-quarter of an inch and the body- weight transferred to 
the outer side of the foot and shoe. The muscles on the inner side of 
the leg are relaxed and relieved from the strain which they have 
previously borne, while, at the same time, the small muscles of the foot 
are supported by the alteration of position. The alteration is made as 
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follows : the original heel of the shoe having first been removed, a new heel 
is built extending forward on the inner roaigin half an inch farther than 
previously, while the whole of the inner bowler of the heel is raised higher 
than the outer border. The extent of the raising of the inner border of the 
heel depends largely upon the age of the patient. Thus, for a child, 
one-eighth or one-sixth of an inch is usually sufficient to give a complete 
correction of the deformity, while for the adult this may be slightly 
increased. Accompanying this tilting of the heel, a similar tilting of the 
forepart of the foot is usually given by the use of a small patch of leather, 
one layer in thiebness, which is placed on tlic inner side of the sole under 
the head of the Ist metatarsal. The object of the alteration is not simply 
the correction of the alignment, but the cure of the condition of flat foot. 
In its altered position the small muscles of the sole and the stronger muscles 
of the calf are able to act to advantage and develop while they arc relieved 
from overstrctclimg. If, in the adult, it is desired only to proiude relief 
of the pain and discomfort caused by the deformity, this can be obtained 
by the application of one of the many types of foot plate made from casts 
of the foot taben whilst it is held in the corrected position 

Treatment of Spasmodic Flat Foot. The treatment of spastic 
flat foot naturally depends on the presence or absence of the bony 
ttbnonnabtiea already described. If the abnormal bony bridge is present, 
conection of the deformity is only possible by its division, and the 
implantation between the os calcis and scaphoid of soft tissues which will 
prevent their reattacliinent. Through a dorsal incision the short extensor 
muscles of the foot are first detached at their origin from the os calcis, and, 
after separation of the two bones, the detached muscles, which still retain 
their nerve supply, arc tucked into the gap. 

The operation is followed by non-wcight-bcaring exercises for at 
least 8 weeks before the nonual activities are resumed, the tendency to 
eversion being corrected by the alteration to the heel of the shoe 
(Fig 4) 

Wien the bones of the foot are normal, the outstanding clinical feature 
is the contraction of the peroneal muscles, which is solely responsible for 
the defonnity. Because of this, operations to divide the tendons of the 
peronei have been practised for many years with indifferent success. 
Later the simple di\nsiou of the tendons was supplanted by the removal 
of an inch or more of their substance in an effort to prevent their restora- 
tion and recontraction. An equally good result is obtained by moulding 
the foot into ovcr-correction under amesthesia, the heel being first inverted 
while the front of tlie foot is adducted and somewhat pronateil. TJie 
foot is then retained in this position in a plaster cast for at least 8-10 weeks. 
This prolonged fi-xatiou may lead to a temporary stiffneas. whicfi yields 
rapidly to physiotherapy. . . „ , , . 

After removal of the plaster case, weight-beanng is allowed only when 
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the heel of the shoe lias been altered os already described. Occasionally 
it is necessary to maintain the correction more effectively by the use of an 
outside iron, which is retained for some months. 

Treatment of Fibrous Flat Foot. In this group are included two 
di.stinct sub-sections which diifer in their mode of origin, prognosis and 
treatment. The first group is that in which adhesions follow persistent 
stretching of the supporting ligaments, tlie strain and subsequent forma- 
tion of adhesions occurring at the insertion of the ligaments into bone. 
Adhesions of this t}’pe, which do not involve any of the true joint struc- 
tures, can be treated successfully by manipulation, followed by exercises 
and the wearing of suitably altered shoes to prevent recurrence of the 
conditions which were responsible for the formation of the adhesions. 
The result of this treatment is excellent . mobility is restored to the foot, 
pain and tenderness diminish or disappear, and ivith persistence in after- 
treatment recurrence need not be feared. 

In the second group the adhesions are usually both intra- and extra- 
articular ; the cause is. a.s a rule, a sub-acute infective condition, or a 
chronic arthritis by which the joint surfaces are altereil and roughened. 
The differentiation of the two types is aoraetimes difficult, but, with the 
history and good radiographic examination, it is possible to distinguish 
between them. 

In this second group mampulation is only of value in correcting the 
line of weight-bearing, as it is obMous that with the roughened joint 
surfaces restoration of the nonual range of movement is impossible. 
Correction is obtained under anaesthesia, and when the foot has been 
placed in the optimum position a plaster cast is applied and maintained 
for at least 2 months to reduce the tenderness which alwaj*s follows on the 
trauma of correction. Following tlic fixation, a suitable metal insole may 
be used to maintain the correction and prevent subsequent strain. The 
condition of the foot can al<5o iw improved by massage, contrast bathing 
with hot and cold water, and occasionally by ionization, the improvement 
in the circulation thus produced l>eing followed by considerable relief m 
walking. 

Treatment of Bony Flat Foot. As a rule, a patient Buffering from 
bony flat foot has few complaints of pain or tenderness ; the deformity is 
obvious, as itcauses a complete absence of spring in walking the foot being 
raised and lowered as if it consisted of one solid ma.ss. . Attempts to alter 
the aliape of such a foot are useless, and. treatment is nece.ssary only when 
the falling of the arch is not yet complete. When pain is pre.sent relief 
may be gained bv the use of altered shoes, or moulded insoles, whicli 
prevent further falling. In the more acutely painful feet, fixation in 
plaster, without attempting to correct the deformity, is often successful. 
Operative correction of the deConnity is verj’ rarely advisable, and then 
only as a last resort when long-continued efforts at conserv’ative treatment 



251 


THE FOOT 

have failetl to relieve the pain. If conadered advisable, a wedge of bone 
may be removed from the tarsus, the base of the wedge being oit the inner 
side of the foot and the apcv at its outer border. As a result of the 
operation the appearance of the foot is improved, but there is, ns a rule, 
little improvement in walking and no increase of mobility. 


IIALLVX VALGUS 

This adduction deviation of the great toe is probably the commonest 
of all the deformities of the adult foot and is frequently present for 
many years without causing any discomfort. Although occurring 
occasionally as a congenital deformitj', in the vast majority of in- 
stances it is the direct result of 
wearing badly designed shoes. 
As a result of adduction of the 
great toe, the four outer toes are 
pushed laterally and compressed 
betueen it and the side of the 
shoe (Figs 11.? and 114). Be- 
cause of the displacement, the 
base of the Ist phalanx of the 
great toe articulates on the side 
of the head of the 1st metatarsal, 
with the resiih that the shaft of 
this bone is gradually puslied 
away from the 2nd metatarsal, 
and a wide gap is opened np 
between tbc heads of tliese 
two liones. The head of the 
1st metatarsal then forms a prominent projection on the inner side of the 
foot , here it is subjected to constantly repeated traumata which lead 
to a definite thickening of the Imne itself and to the formation of 
osteophytic outgrowths round its articular margins. The increased 
pressure of the liead of the metatarsal on the side of the shoe usually 
results m the formation of a bursa under the skin at this point This 
bursa, to which the description of bunion has been given, may remain 
small or may become greatly enlarged, inflamed or infected. 

Symptoms 

The symptoms produced by the deformity of hallux valgus can never 
be judged by its appearance. Tims, an extreme degree of deformity may 
be iiresent for many years without causing any pain or discomfort , when 
present, pain is complained of over the tender and swollen joint, with or 
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without signs of inflammation in the superimposed bunion Indurectly, 
the defonnity is resjionsible for pain in other parts of the forefoot ; thus, 
the spreading out of the anterior portion of the foot is usually followed by 
tenderness under the heads of the 2nd, 3rd and 4th metatarsals, owing to 
the falling of the transverse arch, and the displacement and curling of the 
outer toes is usually responsible for the ilcvelopment of callosities and 
corns on the dorsum of their first interplialangeal joints. Frequently 
a dislocation of tiie 2nd, or of the 2iui and 3rd metatarsophalangeal 
Joints can be recognized, the ligaments of these joints gradually yielding 
to the constantly deforming pressute of the great toe. 

I 




Kio. 114.— Marked Hallux Valgus »>tli dawing of the outer four toes as a result of 
nbeunuloid Artlintia 

Trkatmext 

The treatment to be adopted depends largely on the degree of defonnity 
pre.sent and on the presence or absence of the associated corns and 
callosities. In its early stage the deformity may be successfully treated 
by the wearing of suitable shoes. In these the heel and ankle are firmly 
gripped, while the front of the shoe — which is straight along the inner 
border — allows complete freedom to the great toe. The appheation at 
night of a corrective splint along the inner border of the foot is of some 
advantage, but the wearing of aiqr sort of wedge between the great toe 
and the second is often definitely harmful, as it causes increased pressure 
on, and increased deformity of, the other toes. Raising of the heel of the 
shoe on the inner border to the e.vtcnt of one-sixth of an inch is helpful in 
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correctiug the eversion of the foot which so frequently accomp.inies the 
hallux valgus ileformity. 

The'ie simple measures can only be successful in the treatment of a 
comparatively slight deformity and cannot be suftcient jn the more 
severe degrees which are accompaniwl by pam. When it is evident that 
more radical measures are required, the malalignment should be corrected 
by operation, of which many different types are jtTactised. Of these, two 
are most commonly employed : in the first the base of the first phalanx 
of the great toe is removed, while in the second the whole or part of the 
prominent head of the first metatarsal is taken away. 

Removal of the Base of the Phalanx. This operation is performed 
through a straight incision over the upper and inner aspect of the great 
toe-joint. The incision extends for 2 inches, one-third being over the 
liead of the metatarsal and two-thirds over the phalanx. The joint is 
freely opened and the base of the phalanx freed from its hgamentous 
attachments ; the phalanx is then divided with bone-cutters about half- 
way between the head and the base, and the basal portion is then removed 
from the wound, care beiug taken to avoid injury to the underlying flexor 
tendon. The raw surface on the remaining distal fragment of the phalanx 
is smoothed, and after freeing the soft tissues from the inner aspect of the 
head of the metatarsal, any osteophytic outgrov.'ths shouhl be removed 
The flap of soft tissue is now sutured into position over the raw area left on 
the side of the metatarsal head, and the skin closed This usually com- 
pletes the operation, but, in the case of extreme deformity, even after 
removal of almost lialf the phalanx, it may still be impossible to bring the 
toe into line with the 1st metatarsal on account of the contraction anil 
displacement of the tendon of the extensor proptius hnllucis muscle. 
When this blockage to correction is evident, the tendon may be divided 
by a tenotomy knife at some distance above the site of operation. It must 
never be divided in the operation wound because of the danger of involve- 
ment of its cut ends m the resulting scar. If the tendons of the other toes 
are so contracted that they prevent full flexion at the metatarsophalangeal 
joints, they should be similarly divided, and the anterior arch of the foot 
moulded into the normal position, which can be retained by a plaster-of- 
Paris cast for 3-4 weeks. Following the operation, the great toe should 
be fixed in a position of hallux varus for at least a fortnight Gentle 
passive movements of the toe should be employed from the tliiril or fourth 
day after operation, while at the some time the patient b encouraged to 
move the toe voluntanl.r. WaJkin" can be resumed after three weeks, 
at first, on account of the swelling and dteasing, in a wide loose slipper, 
and later in a well-fitting shoe of which the inner border is straight. 

Recurrence of deformity is easily prevented by the use of a .small 
wedge of wool, which is placed between the great and the second toes, and 
retained there until voluntary power is restored (Fig. 115). 
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Removal of the Head of the Ist Metatarsal (Mayo's Operation). 
This operation o! removal of the bead of tbe metatarsal is the commonest 
of all the surgical procedures osed in the treatment of hallux valgus. 
IVTien carried out correctly it is entirely successful in removing the great 
deformity, but it has the disadvantage of weakening the foot by removing 
the inner pillar of the tran^v’crse and the anterior pillar of the longiriidinal 
arches, and is not to be recommended in the case of a patient whose work 
involves long-continued standing or walking, because of subsequent 
falling of the anterior arch and tbe disabling pain which so often accom- 
panies this complication. 

The head of the metatarsal is approachetl through a vertical incision 
2 inches in length over the upper and inner border of the great toe-joint. 
.tUter freeing the head of tbe metatarsal from its ligamentous connections 
the neck of the bone is divided close to the margin of its articular surface, 
sufficient bone being removed to allow the toe to be brought into alignment 
with tbe metatarsi. Tbe anterior divided end of tbe metatarsal should 
then be shaped into a rounded knob which rests in line with, but not in 
contact with, the articular surface of the first phalanx. The operation is 
' completed by suture of the layers of duuded ligaments, subcutaneous 
tissue and skin, and the correction maintained until walking is permitted 
in 4-G weeks. Because of tbe danger of falling of the transverse arch, it 
is ad\Tsable that a moulded sapport (Fig. IIC) should be used to retain the 
position of the foot for at least 6 months.. 

r.o,3. E 
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Following any type of operation, recurrence of the deformity must i>e 
guarded against by the use of suitably designed shoes which allow 
complete freedom of the front of the foot. Patients should be warned of 
the danger of recurrence of deformity if they continue to wear high-heeled 



pointed shoes, m which the great toe is again forced to the imdclle line of 
the foot, ^\^len the transverse metatarsal arch has become stretched, an 
insole (Fjg. 116) is of considerable help in rebering pressure and pain, 
but Its use should be accompamed by massage and exercises designed to 
develop the muscles of the foot and to improve its mobility. 

Other Operative Procedures. Other less radical operative 
measures are often employed for the correction of the deformity and the 
relief of pam in hallux valgus. Their use should be coohoed to those 
patients m whom the deformity is not gross, and m whom tiie hallux 
valgus is not associated with deformities of the other toes. When the 
pain is caused by osteophytic outgro'vths on the metatarsal head, relief 
follows the removal of these bony prominences, combined with a sub- 
cutaneous disision of the capsule on the opposite side of the metatarso- 
phalangeal joint. The correction of the alignment of the toe by the 
removal of a wedge of bone from the neck of the first metatarsal is a com- 
paratively simple procedure, which gives a satisfactory result if the correc- 
tion is maintained for a sufficiently long period. 


HALLUX RIGIDUS 

Hallux rigtdus, ns its name indicates, is characterized by a limitation 
oftfie normal" range of movememSrnr greuf A«f-/uratt FiVts- jVfrrnftrrtinr 
is at first confined to dorsiflexion, but, as the condition becomes more 
advanced, all the movements are affectetl, and the joint may liecome 
completely still and even plantar flexed. With the increasing rigidity of 
the metatarsophalangeal joint, the range of dorsiflexion in the inter- 
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phalangeal joint is greatly increased, bo that eventually this joint may be 
subluxatcd. 

Symptoms 

The onset of the disability is seen at two separate age penods, the first 
group occurring in adolescence and the second in later adult life. The 
adolescent type occurs m children of either sox, more especially in those 
with long narrow feet which are somewhat everted on weight-bearing. 
Recause of this peculiarity in the shape of the feet it is difiicult to obtain 
the right type of shoe, and the child is often fitted ^rith a shoe which i.s 
too short and so causes constant pressure on the end of the great toe. 
The joint becomes slightly swollen and tender, and attempts to dorsiflex 
the toe beyond the horizontal plane cause a considerable amount of pain, 
and ate strongly resisted by the protective muscle spasm of the flexor 
longus hallucis and of the short flexors of the great toe. No bony changes 
can be seen in the radiograplis taken at this stage, and complete immobiliz- 
ation of the joint in a plaster cast result-s in an increased range of move- 
ment. This reaction of the toe to fixation illustrates that the limitation 
of movement is caused solely by inflammation m the joint structures, as 
rest has led to a reduction of inflammation and to an increased range of 
movement. 

^Vhea occurring in the adult the rigidity of hallux rigidus is invariably 
caused by osteoarthritic changes in the head of the 1st metatarsal and in 
the base of the let phalanx. The joint is greatly thickened by the bony 
outgrowths which can he felt under the skin ; the muscle spasm is much 
leas, and prolonged fixation does not lead to an increased range of 
movement. In contrast to hallux valgus, which occurs almcfet invariably 
in women, hallux rigidus is a condition of adult males. 

The exciting cause in each case would appear to be constantly repeated 
injuries ; in the adolescent this is probably brought about by the wearing 
of stock shoes which are much too short for the long narrow foot. In the 
adult repeated knocks on the joint itself and on the end of the toe have 
produced a true traumatic arthritis of the metatarsophalangeal joint 
(Fig. 117). 

Treatment 

This depends largely on the age of the patient and on the condition 
of the joint structures. In the young patient, shoes of suitable length 
should be obtained and the painful movement of dorsiflexion of the toe 
prevented by the application of a transverse bar of leather on the sole of 
the shoe behind the tender joint, or by the insertion of a layer of metal in 
the sole, thus preventing movement of the joint. At the same time 
eversion of the foot should be dealt with by raising the heel of the shoe on 
the inner side. If these measures do not lead to a diminution of dis- 
comfort, or if arthritic changes ate already present, then operation of a 
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simiJar tjT)e to that tisotl in hallux valgus is necessary In the adult 
complaining of pain and disability, operation alone can give relief of pain 
and restoration of movement. 


♦ HAMMER TOE 

A deformity which iisnsIJy occurs in the second, but may be present in 
the third or fourth toes. It commonly results from wearing unsuitable, 
narrow pointed shoes, m which the toes .are crowded together ; the great 
toe IS forced towartls the middle line of the foot, ami, in order to accom- 
modate itself to tlie space provided, the affected toe is forced into the 
typical deformity of hyperextension at the metatarsophalangeal joint, 
hyperflexion at the 1st intcrphalangcal joint, and usually hyperextension 
at the terminal joint. The deformity of itself causes little or no dis- 
comfort, and the patient’s attention is generally drawn to the condition 
by the formation of a bursa or a com on the dorsum of the 1st intef- 
phalangeal joint. Occasionally the com or bursa becomes inflamed or 
septic, and the infection may even extend into the underl^nng joint, 
leading to suppurative arthritis or osteomyfelitis of one of the plialanges. 

Tbeatmest 

Prevention of the deformity is comparatively simple ; shoes should be 
sufficiently long and wide in front to allow complete freedom to the toes. 
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A mild decree of the deformity can be corrected by the use of a small 
straight splint, which can Imj applied to the toe at night, and by day the 
deformed toe may be controlled by a piece of tape passing over it, and 
under the adjacent toe on each side. These simple measures are only 
applicable when the defoniiity is slight and is uncomplicated by septic 
changes in the skin. II\Tien the toe is seriously deformed and is causing 
pain and disability operative correction is essential. 

Operation. Even in the presence of an extensive septic infection 
of the deformed area, amputation of the second toe should never be 
performed on account of the danger of increasing the deformity of the 
great toe, whicli would thereby lose support and fall into the space left 
vacant as a result of the amputation. The object of operative treatment 
is the provision of a strong straight toe, in which the deformity cannot 
recur, and which by its pre«!encc maintains the alignment of the great toe. 
Correction of the deformity should be combined with artiirodesis of the 
1st interpbalangeal joint, and the operation should be undertaken only 
after the disappearance of all traces of septic infection. 

An elliptical incision is made over the dorsum of the prominent joint, 
and the akin containing the corn is removed, with the underlying portion 
of the extensor tendon and capsule. The cartilage, with a piece of the 
underlying bone, is then removed from the adjacent articular surfaces 
of the two exposed phalanges, and their two raw bony surfaces are fixed 
firmly together by stcaightentog the toe. A deep mattress suture of 
silkworm gut through the skin, tendon and periosteum on both sides of 
the incision holds the bones finoly in position and should not be removed 
for a fortnight. Before completing the operation the extensor tendon, 
which holds the proximal phalanx in dorsiflexion, must always be divided 
by a tenotome behind the head of the metatarsal, and the alignment 
maintained by the use of a small straight splint applied to the toe and 
retained until bony consolidation is complete. 


MBTATAR8AWIA OR MORTON'S DISEASE 

Spreading of the forefoot with falling of the transverse arch and claw- 
ing of the toes is a very common deformity, and is usually associated with 
pain under the heads of one or more of the medb-l metatatsal bones, but 
a different clinical condition in which, without extreme flattening of the 
arch, the patient comjilains of intermittent spasmodic pain under the 
heads of one or more of the three medial metatarsals, has been described 
by Morton. He attributed the pain to traumatic neuralgia of the digital 
branches of the plantar ner\’es, and considered that the injury was caused 
by crushing of these branches between the heads of the metatarsal bones. 

Betts (1940) has shown that in the majority of patients suflering in 
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thU \raf a neuroma can be found in one of the digital nerve branches, 
passing along the plantar aspect of the metatarsal head. 

SVMPTOMS 

In the intervals between attacks of acute pain the foot ia usually 
comfortable ; at most there ia a feeling of aching m the affected region, 
where there may also be slight tenderness on pressure. On the onset of 
the acute attack, which usually occurs dating wallong, the muscles of the 
foot develop a condition of acute cramp and the pain remains severe until 
this cramp can be relieved ; the patient finds that the best method of 
obtaining relief is by removing the boot, massaging the foot or pulling out 
the affected toe, after which walking can be resumed. 

SlUKS 

There is, as a rule, some widening of the front of the foot with falling 
of the transverse arch. No swelling is present over the affected area, but 
dorsifleiion of the foot is usually lirait^ owing to contraction of the calf 
muscles. Although radiographs reveal no bony abnonnality. they may 
indicate the falling of the anterior arch and the separation of the meta- 
tarsal heads. Usually a definite point of acute tenderness can be found on 
digital pressure under tlie head of the affected metatarsal 

Treatment 

Conservative treatment, which should be tneil m every case, consists 
in the relief of the tender area from all weight-bearing This relief can 
be obtained by an insole extending from the heel to the area of the 
sole just beliind the heads of the metatarsals (Fig. IIG). Similarly, 
the application of a bar of leather acrews the sole of the shoe behind the 
ball of the foot may give relief, but, as a rule, conservative measures are 
not successful and operation must be undertaken. 

Operation. When the site of greatest tenderness has been definitely 
localized a vertical incision, IJ inches in length, is made through the 
p Vin of the ball of the foot. After freeing the thick subcutaneous tissue, 
the (bgital nerve in this area is sought and examined. As a rule, a 
definite neurofibroma can be seen in its substance, and when this lias 
been found the nerve should be divided pro-xunal to the enlargement. 
If it has been impossible to define the exact site of tenderness a traim erse 
incision should be made through the skin at the base of the affected toes, 
thus allowing a wider inspection of the area and an opportunity of finding 
the affected^nerve branch. These incisions through the thick skin of 
the ball of the foot heal without difficulty, and leave a scar free from 
tenderness. 
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Following the operation no special precautions are necessary, the 
localized anesthesia of one toe causing no disability or discomfort. 

Removal of the Head of the Metatarsal. This operation, which 
was previously practised for the cure of metatarsalgia, was usually not 
successful in relieving the pain, as it was based on the belief that the 
cau.se of the disability was the intermittent pressure of the metatarsal 
head on a normal digital nerve. 


CLAW FOOT 

This very common deformity of the foot, which is characterized by 
increased elevation of the arch, combined with acute dorsiflexion of the 
toes at the metatarsophalangeal range, and acute flexion at each of the 
intcrphalangeal joints, was first described by Duchenne, who attributed 
it to disease of the central nm'ous system. In type the deformity is 
almost identical with that present m the condition known as " Claw 
Hand,” from which the name is derived. 

If, for any reason, the action of the interossei and lumbrical muscles 
is Ic^t, the other muscles acting on the toes appear to overact and cause 
deformity of the front of the foot. It naturally follows that, with 
Tieakness or paralysis of these intrinsic muscles, the flexor and extensor 
muscles become contracted and the deformity of claw foot appears 
more or less rapidly. The commonest cause of this loss of action of 
the intrinsic muscles is undoubtedly infantile paralysis, but the deformity 
of claw foot can only occur after an attack of this disease if there has 
been a recovery of the action of the flexor and extensor muscles with 
a residual paralysis of the small muscles of the foot. Thus, claw foot 
usu.slly follows an attack of infantile jiamlysis from which recovery is 
apparently complete, or else a very mild ottack which has caused so 
little general disturbance that its occurrence has remained unsuspected 
and has resulted in paralysis only of these small and easily injured muscle 
bundles. 

The deformity, however, does not follow only on infantile paralysis, 
but often results from prolonged exposure of the foot to cold, frost and 
damp— a condition which was seen in its most typical form as the trench 
foot of the 1914-18 war, or of the exposure or immersion foot of the 
recent war. In either of these conditions the circulation m the foot js 
severely diminished, the foot becomes blue and cold and the intrinsic 
ligaments and small muscles of the foot become fibrotic. 

Anotlier tj’pe of claw foot is seen commonly in young children ; it 
is characterized by a gradually increasing deformity, for which no cause 
can be discovered. It has been suggested that the deformity in this 
group is caused by a spina bifida occulta of the loner lumbar vertebne, 
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but examination of a scries of cases does not support this theory, and it 
seems as if a possible cause may be found in the continued wearing of 
short tight shoes. In these the toes are pushed backwards into the 
position of deformity, the sole is not allowed to flatten normally when 
beating the body-weight, and the foot is so tightly compressed that the 
normal circulation through the intrinsic muscles is prevented. 

Appearance. With a mild degree of deformity there is slight increase 
in the height of the arch, combined with a tendency to clawing at the 
toes (Fig. 118), hut, as a result of weight-bearing, the deformity is 
corrected and the foot appears almost normal. 

With severe defomuty the arch is very high, the toes are rigidly 
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contracted m a position of hyperextension, which may be so extreme 
that suhluxation occurs at the metatarsophalangeal joints with flexion 
at each of the interphalangeal joints. In some instances the tendo 
achillis IS also contracted, the foot reniainuig in a position of cquinns. 
with occasionally a slight degree of inversion, and. as a result of the 
excessive pressure on the hall of the foot, painful callosities appear under 
the heads of all the metatarsals. 

The radiographic appearance in the mild defonnity demonstrates the 
tarsal bones normal m shape and structure. In the severe tj^e of the 
deformity wedging of the bones becomes apparent, especially the scaphoid 
and internal cuneiform bones, which may be compared m structure and 
position to the kej-sfones of a high arch. 
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SVilPTOMS 

Even a severe degree of deformity may cause no discomfort or pain, 
but, as a rule, sooner or later pain and tenderness are complained of 
under the ball of the foot, where callosities are usually present, and 
along the dorsum of the 1st mterphalangeal joints, whore corns have 
formed as a result of excessive pressure W the shoe. Occasionally the 
skin, round the callosities becomes infected, and the whole area may 
eventually become the site of discharging sores. 

Treatment 

In the eatly stage treatment consists simply in the provision of shoes 
which are sufficiently wide and long to allow for expansion of the foot 
in weight-bearing. At the same time the plantar fascia and tendo 
achillis should be stretched by lowering the height of the heel of the 
shoe. At night correction is continued by the application of right- 
angled foot sphnts, which maintain the correction of the deformity. 

When the deformity is more pronounced correction is possible only 
by opeAtive treatment, which consists either in diWsion of the con- 
tracted soft tissues, or, when it is obvious that deformity is present in 
the tarsal bones, by an operation on the tarsal bones -by which the dis- 
parity in length of the dorsal and plantar surfaces of the foot can be 
diminished. 

Tenotomy of the Plantar Fascia. The contracted plantar fascia 
is divided by a small tenotomy knife, the skin puncture being made at a 
point in line nitb the internal malleolus and about three-quarters of an 
inch above the sole. The tenotomy knife is inserted here and placed 
in position under the skin, and the fascia divided by a series of saw-like 
movements of the tenotome. The dinsion of the fascia must extend over 
a wide are.!, no single cut passing acros.s its whole width. When the 
fascia is divided in this fan-shapeil manner there is no tendency to splitting 
of the o^-Tcrlying skin, which might otherwise follow the correction of the 
deformity. 

Stripping of the Under Surface of the Os Calcis (Steindler’s 
Operation). With a more severe deformity simple tenotomy of the 
fascia is not usually sufficient, and a more complete correction can be 
obtained by stripping the structures attached to the lower and inner 
surface of the os calcis, as described by Steindler. 

A horizontal incision, 21 inch^ in length, is made along the inner 
border of the foot, parallel to and about three-quarters of an inch above 
the sole, extending posteriorly to the level of the internal tuberosity of 
the os calcis. Tlirough this inci<uoii the plantar fascia is defined and 
dinded close to its calcanean attachmeot. The short muscles attached 
to the inner side of the os calcis are stripped off by blunt dissection. 
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and tlie calcaneo-scaplioitl and calcaneo-ciiboid ligaments, which can 
now be seen m the deptlia of the wound, are freely divided, or detached 
by the xise of a shhrp j)ointe<I elevator. 

Witli either of these procedures division of the soft tissues must be 
followed by a thorough and systematic stretching of the sole by means 
of the Thomas wrench (Fig. 119), in order that the contracted tissues, 
which cannot be dealt with by the tenotome or knife, are sufficiently 
stretched. AVhen flattening of the arch has been completed by tliese 
methods the toes are, as a rule, still firmly fixed in a position of flexion, 
and a recurrence of the deformity is probable unless the flexor and extensor 
tendons to each toe are also divided. This division of the flexor and 
extensor tendons of the four outer toes causes no permanent loss of 
function, as the tendons become reformed m a few months. In the case 
of the great toe it is ad^naable to transplant the tendon of the extensor 
proprius hallucis muscle into the neck of the 1st metatarsal, the continuing 
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action of the muscle tending to lift the head of tlie metatarsal and dimmish 
the elevation of the arcli 

Even if carried out thoroughly, these operations on the soft tissues 
can only be effective in those cases where the structure of the tarsus is 
normal, or approximately so. If the deformity is so far advanced that 
the tarsal bones are already wedge-shaped, as shown in the radiographs, 
recurrence of the deformity wfll inevitably take place, as the flattening 
of the sole has resulted simply from the opening out of the lower portions 
of the intertarsal joints. Under thp<«e circumstances the correction of 
the deformity, which has been obtainetl by the division of the soft tissues, 
must be accompanied by the removal of bone from the dorsum of the 
foot, in order that the normal relationship of the dorsum and plantar 
aspect of the tarsus may be restoreiL After any of these operations the 
foot is fi.xed m a plaster case in the corrected position for a period of at 
least 8 weeks. Where cxsection of bone is ncces.«ary this period should 
be extended to 3 or 4 months. 

After-treatment consists in wearing of suitable wide, low-heeled shoes 
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and the application at night of right-angled splints, so that recurrence 
of the deformity may be preventetl until muscle balance has been restored 
by suitable exercises and massage, combined with daily stretching of 
the toes. 

In the rarest and most severe type of deformity, where the foot is 
rigid and blue, and so painful that the patient may even ask for amputa- 
tion, the operations described above will be found to be ineffective. 
Relief in these cases may be given, and a useful foot obtained, by an 
operation which consists in amputation of all the toes at the metatarso- 
phalangeal joints tlirough a large plantar flap, followed by astragalectomy. 
These two apparently very radical procedures may render unnecessary 
the performance of amputation, which would otherwise be the only 
procedure possible. This very severe operation, although useful in 
selected cases, is necessary only on rare occasions. 


KOHLER'S DISEASE OF THE FOOT 

Kohler, in his text-book on Roentgenology, has described two patho- 
logical conditions of the bones of the foot ; the flrst — the condition 
which is commonly associated with his name — is an affection of the 
tarsal scaphoid occurring only in children and characterized by an 
alteration in the shape, size and density of the bones, as seen in the 
radiograph. 

The usual signs and symptoms of the condition are aching on the 
inner aspect of the tarsus and an intermittent limp, and although there 
is usually no obvious swelling, there may or may not be slight local 
tenderness on pressure. The radiograph of the foot (Figs. 120rt and 
1206) shows that the scaphoid is compressed in an antero-postenor 
direction with a consequent lateral exp.insioD. Many suggestions have 
been made in regard to the etiolog)', and altliough agreement has not 
been reached on this point, the most probable cause appears to be tranma, 
because the usual result of rest and relief of body-weight foe a period 
of 2-3 months is a complete restoration of the normal structure and 
radiographic appearance of the affected bone. 

The second condition associated uith the name of Kohler, and some- 
times also with that of Freiburg, b an etdargement of the liead of the 
2nd or 3rd metatarsal, appearing only in children and young adults, 
previous to the fusion of the epiphysis with the shaft of the metatarsal. 

As a rule, the patient complains of persistent aching in the fore part 
of the foot, especially over the affected bone, which is distinctly tender 
on pres-sure. Occasionally, boivever, aching is absent and the patient 
notices a steady enlargement of the head of the affccted^bone, which may 
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become so increased in sire tliat the prcssttrc of tlic shoe may cause an 
ulcer on the skin. 

In either case examination reveals enlargement of the head and 
neck of the alTected metatarsal, which is usually tender on pressure, 



(<•) 
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Fia J20fc. — L»lpr rndicgrapli after 2 monthV immobdizntiou. 

witli a definite diminution m the range of movement at the metatarso- 
phalangeal joint. The radiograph showa the head of tlic metatarsal 
broadened, fragmented and diminished in its depth (Fig. 121). It has 
an appearance ver)' similar to that of the upper articular surface of the 
femur in Legg-Perthe's disease of the hiji, with tlie same fragmentation 
of the articular surface and the same widening of the head and neck of 
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the bone. The enlargement nsuallr ceases about half-way along the 
bone but may occasionally spread almost to the base. 

As in all these instances of epiphj^eal fragmentation, the cause is a 
matter for conjecture, but some help is given by a consideration of the 
anatomical arrangements. In the first place the head of the 2n(l meta- 
tarsal is normally situated further forward than any of the others, 
although occasionally the head of the 3rd is level with, or even slightly 
in advance of, the 2nd. This would seem to indicate that jars on the 
front of the foot are mostly taken by the head of the 2nd or 3rcl meta- 
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tarsal. Secondly, in no instance yet recorded has abscess formation or 
osteomyelitis developed, a complication which would almost certainly 
have appeared had the condition been of bacteria! origin, as has been 
frequently suggesteil. 

TRCATJ^E^’T 

The injured and inflamed bone must be relieved from the repeated 
traumata which it receives in walking. For the first few weeks complete 
rest is essential, it is not usually necessary to immobilize the foot in a 
plaster cast or splint, relief from weight-bearing being sufficient to 
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produce a rapid improvement. Later, by the use of an insole or meta- 
tarsal bar on the shoe, protection can be continued until the tenderness 
has disappeared and the structure of the bone has been restored. 

Occasionally the head of the bone is so enlar'^ed that more radical 
measures are necessary. Hy operation, the head of the affected meta- 
tarsal may be either reshaped to its normal contour or removed. Although 
the latter method is more certain of relieving the immediate pain and 
tenderness, it has the disadvantage of diminishing the strength of the 
foot to some e.’ctent, and, as a rule, the remoulding of the head to approxi- 
mately the normal shape is suiBcieiit to relieve the patient without 
weakening the transverse arch. 


MA7iC7/ FOOT OR MARCH FRACTURE 

A crack fracture may appear m the neck of the 2nd or 3rd meta- 
tarsal bones without any history of severe injury. The frequency with 
which the fracture was seen in array recruits Jed to its description as 
march foot. It was previously considered that this fracture resulted 
from the application of some ebght extra strain or twist to the foot at 
the end of a long march, when the supporting muscles of the leg had 
become tired and weakened, thus throwing the unsupported strain of 
body-weight on the metatarsal heads. As a result, the longest meta- 
tarsal, which is usually the 2nd, gave way at its narrowest and weakest 
portion. Further observations have not confirmed this simple explana- 
tion. In many instances the pain and aching are complamcd of before 
the radiographic appearances conhrm the presence of a fracture, the 
patients complain of indefinite tiredness and achmg in the foot, and 
clmical examination reveals thickening behind the head of the affecte<l 
metatarsal. 

The radiographs taken at this stage may show a dec.slcified but 
unbroken shaft of the metatarsal, with a fusiform deposit of new bone 
round its cervical constriction. Without any increase in the severity 
of the symptoms, further photographs taken a few weeks later show a 
line of fracture through the neck of the metatarsal m tlie region of the 
new bone deposit (Fig. 122). 


Etiology 

A very reasonable explanation of the cause of the bony lesion has 
been mven bv hlnrit Jairswi. lit saggeated that cowUlkin viaft the 
re8ult*of spasm of the interossei muscles which led to vascular obstruction 
and (Edema of the periosteum and soft tissues. The redema liad two 
effects; first, the production of a decalcification of the affected bone, 
and secondly, tlie deposit of new subperiosteal bone in the same area. 
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does not increase the discomfort to any great extent. StreUing of the 
bone and tenderness on pressure can be appreciated, and this tenderness 
remains e^^dent until consolidation baa been obtained in the new callus. 

Tbeatmbxt 

Rest from weight-bearing without any form of splint or fixation is 
usually sufficient to allow consolidation to occur rapidly, but if there 
is any possibility that the patient may bear weight on the foot, pro- 
tection by means of a plaster case is advisable for 4-0 weeks. 
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^ter consolidation the bone feels thicker, bnt no permanent dis- 
ability results. Protection from weight-bearing by the use of a suitable 
insole for 3-0 months is advisable when walking is resumed. 


INGROWING TOE-NAIL 

Overgrowth of the skin of the great toe at the lateral margin of the 
nail is often caused by careless cutting, by which a sharp spike of nail 
is left imder the edge of the skm. Septic infection round the margin 
of the nail rapidly follows and considerable pain and disability are tlie 
usual result. 

TnBATMCNT 

Relief can often he obtained by wearing wnle-toed shoes, which 
allow sufficient room for the forefoot without producing pre-ssure on 
the inflamed toe. Careful cutting of the nail also helps considerably 
and may be sufficient to core the disability. 

If these measures do not reduce the iofi.tmmation, relief can u-sually 
be obtained by the removal of a small V-shaped wedge of nail and nail 
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fold, with subsequent suture of tbe edges, the operation only being 
undertaken when the infection has been removed by rest and dressings. 

Unfortunately the operation is frequently followed by recurrence of 
the infection and a reappearance of the ove^rowth of skm. Under these 
circumstances a more radical procedure is necessary. A curved U-shaped 
incision is made, extending round tbe apex of the toe, the base of tJie 
incision being joined by a straight cut across the dorsum of the toe 
just behind the nail bed (Fig. 123). The large plantar flap of skm is 
now dissected proximally from the phalanx, and when half the phalanx 
has been cleared the bone -is cut through at this level. The distal lialf 
of the phalanx, together with the attachetl nail and nail matrix, is now 
removed, leaving a large plantar flap, whicli is turned upwards and 
sutured to the skin on the dorsum of the remaining portion of the phalanx. 
The result of this operation is usually excellent, and the resulting shortened 
toe does not inconvenience the patient in any form of sport or exercise. 
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TENDER HEELS AND SPUR FORMATION 

Transient tenderness under the heels foUow-s almost inevitably on 
prolonged rest in bed, and is complained of by every patient when 
activity is resumed after a long illness. This type of tenderness is caused 
by softening of the skin over the heel and by the loss of some of the 
subjacent fatty fibrous pad, but the bone itself shows no sign of abnor- 
mality, except for a slight generalized decalcification, which rapidly 
disappears when normal function is resumed, leaving no trace of the 
former tenderness. 

There is, however, another type of persistent tenderness which occurs 



Fia. l?4.— Spur on Os Cnlria. 

at the same site on the under aspect of the heel, at the level of the tuber- 
osity of the os calcis. The tendeme&s may' or may not be accompanied 
bj’ a spur-like outgrowth of bone, extending fonvard into the muscles 
of the sole, and varynng in size from a slight roughness of the surface 
of the bone to a long hook-like projection (Fig. 124). Frequently these 
spurs are bilateral, although when present on both sides they are seldom 
of equal size, and the amount of tenderness complained of is in no way 
ba sixe oC the . A osaU. vpa. ma.5 he ia owe 

foot and give rise to a great amount of pain and discomfort, whilst on 
the other foot, which is entirely free from symiptoms, a very’ large spur 
may be found in the course of a routine examination. 

Etiology 

The complaint of discomfort under the heel is usually associated with 
eversion and flattening of the foot, which causes an increased strain on 



274 THE FOOT 

all the muscular and ligamentous attachments. As a result of this, an 
inflammatory reaction is set up at the point of maximum strain, forming 
a suitable predisposing cause to spur formation. The direct or exciting 
cause is always some type of generalised infection, which may be rheu- 
matic, gonorrhceal or septic in character. That strain itself cannot be 
the sole cause of these bony outgrowths is evidenced by tlie complete 
absence of such spur formation in the weak flat feet of chiliben, where con- 
tinued strain on the muscles and ligamentous insertion is always present. 
As a rule, it will be found that sudden acute tenderness under each 
heel occumng in a young patient is due to septic or gonorrhreal infection, 
wlule m the elderly, bilateral tenderness, with or without spur formation, 
is the indirect result of rheumatism. 

Treatment 

Where a deflnite infective origin can be proved, treatment must first 
be directed towards its elimination. When this source has been dealt 
with, or where no <lefinite infection can l>e demonstrated, relief can 
usually be given by -the provision of a soft pad. which is placed m a 
hollowed out canty in the heel of the shoe, in the centre of which the 
tender area rests during activity. Tliis pad may of itself he sufficient 
to procure relief, but in most cases the eversion and flattemng of the foot 
must also be attended to by suitable alteration to the heel of the shoo, 
raisiug it on the inner border in onler that the stretched ligamentous 
structures on the inner aspect and sole of the foot may be telieve<l from 
strain Only when conservative measures are unsuccessful after pro- 
longed and careful trial should removal of the spur be consitlored 

Operation. The under surface of the os calcis is approached through 
a 3-inch horiiontal incision over the inner aspect of the lieel at tJie 
level of the lower border of the os ca1<ns ; after freeing from all its liga- 
mentous attachments the spur is removed in its entirety, the rough 
area of bone left on the under surface being smoothed off before closing 
the wound. It is essential in removing the spur to remember that, 
although showing as a single spike in the radiograph, the abnormal 
bone really fonas a wide ridge which must be removed completely if the 
operation is to be successful. 

Wcioht-bearin«^ is not permitted for 4 weeks following the operation, 
durin*' which period contrast bathing and gentle masfwgc will restore 
the normal circulation in the foot. Efficient after-treatment by relief 
of the tender area from jiressure, and correction of any deviation of 
body-weight, should be carried out for at least 4-0 months, when a 
return to° normal shoes is usually possible. 



CHAPTER XVIX 

ACUTE ANTERIOR POLIOMYELITIS 

This acute infective disease occurs m cither epidemic or endemic 
form, the latter type occurring more frequently in Britain, although 
small epidemics, involving as many as 20 or 30 cliildren, occur in localized 
areas. 

The disease, which is characterized by a widespread infection of the 
central nervous system, is camsed by the action of a nrus, the relationship 
of which to the disease has been clearly demonstrated by a series of 
inoculation tests in monkeys. The organism, which is filtrable as it 
passes through asbestos and a Berkfeldt filter, resists light, heat, drjung 
and freezing for a considerable period. It apparently enters the system 
by the nasal mucosa and is particularly resistant to the action of chemicals, 
a characteristic which renders extremely difficult the prevention of the 
spread of infection during the course of an epidemic. The chief primary 
pathological changes produced by the disease occur in the central nervous 
system, where the effects are of two main types : 

1. Haemorrhage and oedema of the cord. 

2. Destruction of the anterior cornual ners'e cells with subsequent 
degeneration of their nerve fibres. 

3. Occasionally destructive changes with gliosis in the basal ganglia. 

The destruction of the affected neri'e cells may be solely the result 

of the abnormal pressure which is caused by the cedema, or it may he 
partly due to the action of toxin produced by the micro-organisms. 

The first effect of the entry of the organisms is a widespread mfiarnma- 
tion and small round-celled infiltration of the meninges ; later this peri- 
vascular inflammatory change passes along the vessels into the cord 
itself, causing its greatest effect in the lugUly vascular anterior cornual 
cell area, where patches of cedema and infiltration are developed round 
the vessels. This cellular infiltration and cedema may be sufficient 
to obliterate the lumen of the vessels, with a consequent deprivation of 
blood supply to the anterior cornual cells. The grey matter of the 
anterior horns subsequently shows extensive degeneration, whilst the 
posterior horns, which are less highly vascularized, usuaEy escape. 

A similar inflammatory change may also affect the medulla and pons, 
producing areas of cellular ilegeneration at scattered points. \l'ith the 
degeneration of the anterior cornual cells the efferent nerve fibres atrophy, 
and the muscle.s supplied by them show signs of degeneration. The 
other tissues of the affected area also show signs of loss of nervous control, 
thus the bones of the affected area take part in this alteration. Altliotigh 
27 & 
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these osseous changes do not appear for some months, the affected bones 
become thinner than normal, rarefaction is widespread, while the medulla 
is diminished in size, and considerable shortening jn the length of the 
bone, may follow on a severe involvement of a limb. 

SVMPTOIIS 

Incubation Period. From investigations wliich Lave been made, 
chiefij’ in America, it appears that ia the classical onset of the disease 
there is an incubation period which varies from 2 to 32 days, during the 
early part of which the patient usually complauw of headache or may 
appear to be “ out of sort.s.” After one or two days there ls apparently 
complete recm’cry iintd 6-14 days later when the signs of the disease 
become obvious with the typical paralj'sis. 

Onset. With the onset of paralysis the chihl becomes very restless, 
there is a definite rigidity of the cervical muscles preventing anterior 
flexion of the spine, the cornea is glazed and the temperature varies 
from 100 to 105 degrees. Signs of gastro-mtestmal imtation. such as 
nausea, diarrhcea and vomitmg, are usually present, with profuse sweating 
and enlargement of the lymphoid tissues all over the body. Tlie most 
constant sign, however, is the invariable tenderness of the paralysed 
muscles The child usually cnes bitterly on being moved, or even 
touched, and lies quietly without discomfort so long as active or passive 
movements are avoided. Definite pain occurs less frequently but may 
be present as headache caused by congestion of the cerebral vessels. 
The child is generally dron'sy, although convulsions may he seen, especially 
in poorly nounshed children. In the acute stages of the disease the 
reflexes may be temporarily exaggerateil, but, as a rule, this sign is of 
very short duration. 

Although this classical syndrome may be seen occasionally in this 
country, the usual onset of the disease is entirely different The common 
story, as related by the mother, is that the child had been playing about 
perfectly well the day preriously, but on waking up the following morn- 
ing it was found that voluntary mo^-ements over the whole or part of 
the body were impossible, and on being lifted the child cried on account 
of the generalized tenderness of the affected muscles. Another common 
history is that the child, whilst apparently slightly below par from 
teething, or some childish illness, suddenly developed paralysis ivitlioiit 
showing any increase in the illness already present. 

Duojfosia 

TJie differential diagnosis roust be made from such general disea-scs 
83 tuberculous meningitis, cerebral thrombosis, acute transverse myelitis, 
pseudo-paralysis of rickets and osteomyelitis. Reliance must be placed 
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on the sudden onset, the presence of a flaccid paralysis, tenderness of 
the muscles and on an examination of the cerebro-spinal fluid. 

In infantile paralysis, especially in the first week, the cerebro-spinal 
fluid is increased in amount to such a degree that on lumbar puncture it 
flows under increased pressure. The fluid is clear, the cell count is 
greatly increased from the normal 5-10 celb to hundreils, or even 
thousands, per cubic millimetre. At first the cellular content consists 
chiefly of polymorphonuclear cells, later mononuclear cells predominate, 
although the polymorphonuclearsare also pre.sent in considerable numbers. 
In addition, the amount of globulin m the cerebro-spinal fluid gradually 
increases during the first month. 

Extent of the Paralysis. As a rule, paralysis is widespread at 
the onset of the disease, almost the whole body may be involved, but 
soon the tendency to improvement appears and voluntary movement is 
restored to some of the affected muscles. This recovery may be com- 
plete in mild cases, but generally a residua! and permanent paralysis, 
or paresis, is established, and atrophy of the paralysed muscles shows 
itself within 2 weeks. The outstanding feature of the paralysis is its 
almost invariable want of symmetry ; any group of muscles may be 
attacked, and any muscle may be picked out of a group, leaving the 
others apparently normal. 

Prognosis 

Although in the severe epidemics which have occurred in America 
the death-rate reached the figure of 20-25 per cent, a fatal result of an 
attack of infantile paralpis has until recently been an uncommon occur- 
rence in this country. Until the epidemic of 1947 the death-rate from 
infantile paralysis varied between 1 and 2 per cent, but this figure was 
considerably increasetl during that year. A fatal result may occur soon 
after the onset of the disease from involvement of the respirator}’ muscles, 
or later from complications of which the most frequent is pneumonia. 
.\3 a rule, the result of the infection is a permanent residual paralysis of 
considerably less extent than the primaiy’ involvement. 

TbE-STMENT 

Although the disease does not seem to follow closely the ordinary 
rules of infectious diseases, and children who have been in direct contact 
■with the infection frequently escape, yet the possibility of such infection 
has been demonstrated and the patient should always be isolated in the 
acute stages. 

General Treatment 

Serum Treatment. In those countries where the classical onset of 
the disease enables the diagnosis to he made before the appearance of 
the paralysis, considerable reliance is placed on the therapeutic value 
of the serum from a patient convalesdng from the disease, given by 
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the combined intra\cnons and intraspina! method. Similarly, the use 
of immune horse serum is said to be followed by a lowering of the death- 
rate and by a diminution in the extent of the residual paralysis. One 
important point must be. remembered in regard to the use of the 
.sera — they apparently have no effect when the paralysis has already 
ap])eared and can only be of advantage in the pre-paraljdic stage, which 
IS so rarely diagnosed in thia countrj’. lij'pertonic saline solution, when 
given intravenously, leads to a diminution in the size of the brain an<l 
spinal cord and a lc.ssening of the cerebro-spmal fluid pressure, and is 
recommended by some. In this country, however, where serious epi- 
demics are unknown, and where the onset is so often atypical, the value 
of such treatment is extremely problematical. 

lAimhnT Puncture may be performed with advantage in the acute 
stages of the disease if the signs indicate a considerable increase in the 
pressure of the cerebro-spmal fluid. 

Local Treatment 

The practical methods which undoubtedly help m the treatment in 
the acute stage arc ; 

1. Complete rest of the paralysed muscles in the acute stage of the 
disease. 

2 Prevention of deformities. 

In tbs classical treatment of the disease the muscles are retained at 
rest ID a position of relaxation until all tendcrne.ss has disappeared, anrl 
unless muscle recovery is complete recumbency should eictend over o 
period of at least 6 months. The duration of the muscle tenderness may 
be diminished by the application of heat to the affected areas ; the heat 
may be given by radiation, or by bathing with hot water, the increased 
circiihtion leading to a more rapid absorption of the inflanunatojy 
processes. M'hen the paralysis is verj' extensive, and especially when the 
muscles of the trunk are involved, the period of recumbency must be 
extended to at least 12 or 18 months. Physical treatment by massage 
and graduated electrical stimulation is of the greatCvSt help in tlie treat- 
ment of paralysis, but should not be started before the complete dis- 
appearance of pain and tenderness from the paralysed muscles If 
massage is given in the acute piunful stage, it usually increases and 
maintains the tenderness. During the whole period of treatment it is 
essential that the affected areas should be protected from cold, the limbs 
/ should be warmly covered, while at the same time the tenilency to 
defonnities is prevented by the application of suitable splints. 

Every muscle which shows any sign of involvement m the paralj-sis 
sliould he placed in a position of relaxation. If a paralysetl muscle 
becomes overstretched, recovery of its function is delayed or prevented, 
even in the presence of complete recovery of the nerve cells and fibres 
acting on that muscle. There is no more important factor in the tre.it- 
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ment of infantile paralysis than this preservation of the paralysed muscles 
m their best possible functional p<»ition. This position of advantage in 
which the paralj’sed muscles are shortened and relieved from strain can 
be lost, either by the deforming action of gravity or hy the over-action 
of the active opposing group of muscles, and unless both these factors 
are guarded against there is little possibihty of recovery in the paralysed 
group. 

The principle involved in the mechanical treatment of the paralysed 
muscles is extremely simple. By means of a suitable splint, which 
controls the position of the joint acted on by the affected, muscle, the 
origin and insertion of the muscle are approximated and overstretching is 
thereby prevented. In the case of a more generalized 
paralysis, in which the opposing muscle groups are 
affected, the joint should be retained in the neutral 
position in order that the maximum relaxation 
possible is given to each group. Thus, in the ea.se 
of the very common paralysis of the muscles of the 
shoulder girdle, the deltoid is stretched whilst the 
arm lies adducted to the side , relaxation of its 
fibres follows on abduction of* the arm to the hori 
zontal plane, where it may be maintained most easily 
by the wre abduction frame (Fig. 11). Similarly, 
in paralysis of the e.xtensor muscles of the leg, 
fixation of the foot at right angles prevents stretcli* 
ing of the paralysed muscles, and this position is 
most easily maintained by the application of a 
right-angled foot splint (Fig. 125). 

The same principles are applied in the treatment 
of the miKcular paralysis wherever present, the 
weakened muscles being protected, not only from 
the force of gravity, but also from the deprivation 
of blood supply which follows on light bandaging. 

As soon as tenderness has disappeared from the muscles massage 
may be commenced, the object in \new lieing simply the improvement 
in the circulation of the paralysed muscles, so that on a recover)* 
of function of the affected nerve cells and fibres, the muscles may be 
in such condition that they ore able to respond to the stimuli which 
are sent to them. 

Electrical stimulation of the paralysed muscles — which is only possible 
at first by the galvanic current — ^nmy easily do more harm than good 
if employed too long or too vigorously. The only advantage of electric.'il 
stimulation is the improvement of circulation, and an over-vigorous 
stimulation results in overstrain of the weak muscle fibres and in delay 
of recovery. 
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Considerable improvement can be effected by a well-regulated scheme 
of muscle training in the stage of recovery. The patient is taught to 
concentrate his energy and efforts on one particular movement which 
is carried out at first without, and later with, resistance. Treatment 
may thus be summed up under the following headings • 

1. Prolonged recumbency which helps rapid recover}’. 

2. Warmth of the affected area. 

3. Prevention of deformity and stretchmg of the paralysed muscles 
for at least 2 years. 

4. JIassage of the paralj’sed muscles when tenderness has disappeared. 

5. Muscle re-education. 

G. Support for residual paralysis when walking is permitted 

Period of Recumbency. It is impossible to give any definite 
period for treatment in recumbency. Each case must be judged on its 
own merits ; where the upper hmbs only ate involved, walking may be 
allowed in 6 months if the paralysed muscles can be effectively protected 
from strain. 

With involvement of tlie lower limbs, or of the abdominal or spmal 
muscles, recumbency 'should be continued for at least 12-18 months. 
Recovery is mote rapid aad more certain when efiicient physical treat- 
ment IS given to a child in the recumbent position. 

Deformity following infantile paralysis can be attributed to 

1. Recovery of one or more muscles with paralysis of the re- 
mainder, the active muscles by their unopposed action producing 
the deformity. 

2. Prolonged fixation of a joint in, one position leading to a con- 
traction of the soft tissues 

These two factors frequently act m combination ^ 

Walking. \VTien walking is permitted the paralysed muscles must 
be protected by some form of apparatus The mm of any apparatus 
is the jirevention of deformity without coiupres.sion and interference 
with the circulation of the paralysed muscles 

The illustrations in Chapter II show the types of splint m general 
use m the ambulatory treatment of infantile paralysis. The principles 
to be followed in the use of such splints are simple; they must be so 
designed that they protect the paralysed muscles from strain while at 
the same time their application must not involve compreosion of tlic 
affecterl tissues. 

Operative Treatment of Old Paralytic Deformities 

The operations which are available in the treatment of paralytic 
deformities are of many types and may involve mu.sclo, ligament or 
bone, according to the result tlesiicd. Occasionally it is possible to 
make' use of an active or overacting mvade to replace the action of a 
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paralysed muscle or group of muscles. No definite rules as to the pro- 
cedure can be gi^’en, and each case must be dealt with according to the 
condition found. If it is decided that improvement is likely to follow 
tendon transplantation, certain principles must be adhered to if success 
Ls to be gained. Thus : 

1. The muscle to be transplanted must he sufficiently strong to pro- 
duce the action required. For instance, if the palmaris longus muscle 
is active, while the flexors of the fingers ate paralysed, the normal action 
could not be restored by transplantation of the palmaris tendon into 
the tendons of the fingers. 

2. The transplanted mu.scle must act in a straight line from its origin 
to its insertion •, no transplanted tendon can act round a corner. 

3. The transplanted tendon must be sutured into position under 
slight tension. If the tension is too great the muscle will not act, or 
the sutures will pull out. If the tendon is sutured without tension too 
much muscular effort is expended in producing tension before any 
effective action can take place. 

4. If the transplanted muscle is inserted into the tendon of a paralysed 
muscle or muscles, the sutures at the point of union must not enclose 
the whole of the receiving tendon, otherwise this tendon rapidly loses 
its strength and stretches on account of the stoppage of its blood and 
lymph supply. 

5. Transplantation of tendons must never be employed with the 
object of correcting a fixed deformity. The deformity must first be 
corrected before the tendon transplantation is performed. 

6. If po.ssibIe the transplanted tendon should be inserted into bone 
or periosteum rather than into the paralysed muscle or tendon. 

Stabiliring operations are frequently employed in the treatment of 
infantile paralysis. Thus, a shoulder, wrist, foot or an ankle which is 
flail may be improved functionally by an operation which diminishes 
or prevents movement. No special rules can be given for this type of 
operation, except the statement that stability ivill not follow unless 
bony union results, and all such operations should if possible be delayed 
until the patient has reached adolescence. Although any t}^^ of 
deformity may result from infantile paralysis and many different pro- 
cedures may be necessary’ for their correction, the following are the 
more common deformities with their available methods of treatment. 

Flexion Contraction of the Hip-joint 

This very’ common deformity' is usually the re.sult of allowing the 
patient to sit up during the perial of convtdescence (Fig. 12G). The tensor 
fascia femoris, ilio-tibial band, psoas and probably the anterior part of 
the capsule of the hip-joint become contacted. Full extension of the 
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Fig. 120 — Flexion of Hip-jotot dae to tight Tensor Fascia Femoris 


joint is impossible, and if an attempt is made to straighten the joint 
passivelv the normal lordosis is greatly mcreased. 

In ite early stages the deformity may be corrected by gradual stretch- 
ing. The patient should be placed on a frame or plaster betl on which 
the deformity can be gradually corrected by a combination of bandaging 
to the splint and the action of gravity. \Vlien the deformity is of long 
standing such procedures arc, ns a rule, ineffective, and the line of treat- 
ment to be adopted is as follows : 

With the knee extended and the tbigb adducted and rotated inwnnh 
BO as to pu\ tension on the contracted bands, the tensor fascia femoria 
and ilio-tibial band are divided by means of a tenotomy knife close to 
the anterior superior iliac spine and ctest of the ilium No attempt is 
made to lengthen the deep contracted tissues, such as the i}(0'p«oa8 
muscle and the capsule of the hip-joint. Tiic child is now fixed on a 
straight frame, whicli later should be gradually hypercxtemled, the 
affected limb being retained during the whole period of correction in 
Its position of extension, adduction am! internal rotation, Occasion- 
ally, if the patient has been placed in a position of hyperextension 
immediately after the operation, symptoms eimulating those of an 
acute intestinal obstruction make their appearance after a few dny.s. 
Vomiting is almost continuous and the patient appears very ill, while 
examination of the urine discloses the presence of a largo quantity of 
acetone. 

This complication, which is known as frame sickness, can be pre- 
vented by a slow correction of the deformity followung on the operation 
Thus, the patient should first be pbced on a straight frame with a pillow 
under the head and shoulders ; gradually the pillow is removed until 
the straight position is obtained. The frame may noiv be hyperextended, 
and this position may be assumeil by the patient without danger. Simt- 
Jarly, if the frame aiokness develops during the correction of the deformity, 
iiLstant relief can be obtained by allowing temporary flexion of the legs, 
or by placing one or two pillows under the head and slioulders. As a 
rule, no further treatment is necessary, and the po-sition of byperextension 
can be resumed in a few days and must be maintained until the tendency 
to recurrence of the deformity has disappeared. 
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Soutter Fasdotomy. This more extensive procedure of the same 
nature is carried out by exposing the anterior aspect of the upper part 
of the thigh, clmding the ilio-tibial band and fascia lata and stripping 
off the muscular attachments on the outer aspect of the ilium as far 
down as the anterior inferior spine. In the more severe cases the ilio- 
psoas tendon, and even the anterior part of the capsule of the joint, 
are also divided. The anterior superior iliac spine, whicli would other- 
wise project under the akin, is now cut off flush with the surface and the 
skin incision sutured. The operation is unnecessarily extensive and 
is accompanied by a considerable risk to the patient's life, and for 
these reasons the simpler procedure of tenotomy and stretching is to be 
preferred. After-treatment w identical with that described following 
tenotomy of the same area. 

Flexion Contraction of the Knee 
Flexion of the knee with inabilily to extend the limb either actively 
or passively may result from prolonged fixation of the joint in a position 
of flexion, or the flexion may be associated with a more or less complete 
recover}' of pon-er in the hamstring muscles. Correction is usually effected 
easily by tbe slow, gradual stretching of the contracted muscles, using 
a bed Imee splint (Fig. 1), or in tbe case of extreme deformity by the 
use of the two-way bed knee splint (Fig. 2). 

Hyperextenslon of the Knee 

Hyperextension of the joint usually results from recovery of the 
quadriceps group of muscles (Fig. 127), or the deformity may be caused 
by want of care in splintage during the treatment in recumbency following 



Kw. 127.— Hj'perpstension of the Knee doe to paraljow of Ilamstnnp. 


the acute attack. Thus the position, of rest for the paralysed thigh 
muscles should not be that of complete exten-sion but should involve 
flexion of the knee joint to an angle of 15 degrees, thereby preventing 
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the overstretching of the posterior part of the capsule of the knee and 
of the paralysed hamstring miiscles. Prevention of the deformity is 
simple and consists in the maintenance of the position of slight flexion 
of the joint during the whole period of treatment. 

Trkatucnt 

'When the deformity has occurred the weakened liamstring muscles 
and posterior capsule of the joint may be protected from strain by raising 
the heel of the shoe, so that in waiting the knee is kept slightly flexed. 
Hyperexteusion may also be prevented by the use of a limged knee 
cage, which restricts movements in any desiral direction. Unfortunately 
the development of the thigh and calf muscles is hindered by the wearing 
of the cage, and where recovery in these muscles is still a possibility the 
use of the cage is contra-indicated In an attempt to improve the con- 
dition of the paral 3 ^ed muscles massage and exercises should be continued 
for many months. Occasionally with extreme deformity of the joint 
such simple methods are insufficient, and improvement in function and 
in the stability of the limb can be obtained by a supracondylar osteotomy 
of tlio femur. 

The object of the osteotomy is the provision of an angle anteriorly at 
the site of the osteotomy, thus compensating for the liyperextcnsion of 
the joint. ^Utep dividing the femur just above the condyles the fracture 
>5 set at such an angle that the lower articular surface of the fnnur points 
backw’ards rather tliaii directly downwards The leg is fi.xed in this 
position in a plaster case for 8-12 weeks until consolidation is complete, 
when walking is resumed, and considerable improvement m tlie line and 
function of the limb h to be expectwl. 

Lengthening ol a Limb 

When gross shortening of one leg has follow ed on an attack of infantile 
paralysis the inequality of the limbs, which necessitates the use of a high 
surgical boot for walking, may be considerably reilucod, or even eliminated 
by operative measures. This equalization in the length of the limbs is 
possible, either by shortening the long or normal limb, by destroying the 
growmg epiphyseal plates in the normal hmh at tlie upjier end of the tibia 
and at the lower end of the femur, or by lengthening the shorter limb, 
either above or below the knee. Of these pnicedurcs the shortening of tlie 
normal limb, although the simjiJest, is rarely adopted because of tlie fear 
in the mind of the patient that the 1*^; may not he as strong or as useful 
as before. 

Lengthening of the limh may he obtainwl by operation on the femur 
or on the bones of the leg. The latter site is preferred for two reasons, 
the first because tlio proportion of the loss of length in tlie hmli below 
the knee is usually much greater than that occurring m the femur, and 
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lengthening of the leg rather than of the thigh results in a more normal 
relationship hetween these two portions of the limb. Secondly, lengthen- 
ing of the leg is a simpler problem than lengthening the femur. 

Lengthening the Leg. In carrying out this operation a rigid, 
sliding frame is used in onler that the lengthening may occur without 
displacement or rotation of the divided ends. Two pins are inserted 
through the upper portion of the tibia about half an inch below the 
epiphyseal line. Two similar pins are then put through the lower end 
of the tibia, a similar distance above the lower epiphysis. The tibia 
is now divided by a long obliqne or Z-shaped split, and the fibula is cut 
through at two points, one near the upper and the other near its lower 
extremity. The pins are now fixed in the sliding frame in which dis- 
traction can be applied on the lower pins, the two upper being rigidly 
fixed, thus preventing traction on the knee-joint. Controlled by a scale 
marking on the frame, the lower portion of the tibia is pulled out about 
one-sixteenth to one-twelfth of an inch per day, the process involving 
little or no pain. Before any distraction of the limb is attempted, the 
leg should remain at rest in the frame for 48 hours. If this interval of 
rest is forgotten the extension procew is usually so painful that the whole 
procedure must be abandoned. When the routine is followed correctly 
It is possible to obtain to 3 inches lengthening of the shortened leg, 
and when the desired amount has been obtained the limb should be fixed 
in a plaster case for 8 or 10 weeks until consolidation is complete. 

Lengthening of the Femur. Lengthening the femur is a more 
difficult procedure, as the traction at cither end of the hone can be applied 
only through one pin, the upper being inserted at right angles to the 
lower. At the upper end of the femur the pm must pass from before 
backwards, while that at the lower end is placed horixontally, thus 
complicating the extension and preventing smooth traction. The length- 
ening obtained in this way in the femur is less than that possible m 
the tibia, and if full length below the knee is obtained, operation on 
the femur is usually unnece-ssary. 

Epiphyseolysis. As an alternative to lengthening the short leg 
the difference in length of the limbs may be reduced by the operation 
of epiphyseolysis. In this procedure the epiphyseal plates at the lower 
end of the femur and the upper end of the tibia of the normally growing 
limb are destroyed or removed by operation. This destruction of the 
two chief growing points in the limb prevents to a large extent the 
increase in the difference in length of the limb, and if the operation is 
carried out about the age of 10 or 12 years the eventual shortening of 
the affected limb may be very slight. The object of the operation is 
the early fusion of the epiphysis to the diaphysis, which inevitably 
follows the removal of the epiphyseal plate of cartilage. 
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PARALYTIC DEFORMITIES OF THE FEET 
Talipes Equlnus 

This (lefonnitjr, which is in reality caused by contraction of the calf 
muscles, h commonly described as contraction of the tendo achillis and 
IS seen more frequently than any other following infantile paralysis. 
Its occurrence may be to some extent inevitable, when it is due solely 
to the absence of recovery' in the extensor group of muscles, but more 
commonly it results from want of care of the paralysed muscles during 
the active and convalescent stages of the disease, the action of gravity 
and the weight of the bed-clothes having caused dropping of the fore- 
foot and mechanical overstretching of the paralysed extensor muscles 
combined with contraction of the recovered flexor group. 



Fio. 129 — Tenotomy of Tenilo AchilJts 


The deformity is easily corrected by' the closed elongation of the 
tendon, in which division is made by a tenotomy extending lialf-way 
tlirough its substance on each side, \nth an interval of lJ-2 inches 
between the divisions. Stretching of the foot into dorsiflexion produces 
the necessary sliding of the two portions of the tendon and allows the 
foot to come into the desired position of correction (Fig. 128) This 
corrected position is roamwined by the fixation of the foot in a plaster 
cast for a period of 8 weeks, following which the use of the foot la permitteil, 
and recurrence of the deformity prevented by the use of a right-angled 
foot splint at night. When walking is resumed the patient should wear 
only ^t-heeled shoe.s which continne the stretching of the contracted 
muscles at each .step. Stretching of the calf muscles by dorsiflexion of 
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the foot, combined with massage of the weakened anterior group, must 
be continued until nil possible improvement has been obtained. 

Tendon Transplantation In Paralysis of the Foot 

Although at one time usetl almost mvariably m the treatment of 
paralytic disabilities of the leg and foot, the operation of tendon traas* 
plantation is now employed only in certain defined conditions. Before 
tendon transplantation can be employed the surgeon must be assured 
that the muscle whose tendon is to be used is sufficiently strong to perform 
the desired action, and secondly, that the removal of the muscle from its 
normal position will not be followed by' a secondary deformity. These 
two conditions are answered m paralysis of the peronei muscles, where the 
active tibialis anticus and posticus muscles are forcing the foot into adduc- 
tion and inversion, and considerable improvement in the appearance and 
usefulness of the foot follows on the transplantation of the tendon of the 
tibialis anticus muscle to the outer aspect of the metatarsus. 

The operative technique is as follows. 

Two small incisions are made over the tendon, one over its lower 
attachment, through which the tendon is divided at its insertion into 
the bone, and the other over the course of the tendon, about 3 inches 
above the ankle-joint ; through this incision the divided lower end is 
pulled on to the surface. Another incision is then made over the space 
between the bases of the 3rd and 4th metatarsal bones, and, after passing 
the tendon subcutaneously from the upper incision, it is threaded through 
this space and sutured into the toughened bony tissue of these meta- 
tarsals. The foot U now fixed m dorsiflexion and slight eversion for 
6-8 weeks, when active use and training without weight-bearing will 
improve the control of the transplanted muscle and obviate the use of 
any irons or retenti%-e apparatus. Temporary’ support of the foot should 
be given at night by' means of n right-angled foot splint, thereby pre- 
venting the overstretching of the transplanted muscle. 

The operation of transplantation of the peroneus longus tendon to 
the inner side of the foot, with the object of replacing the action of 
the paralysed tibial musclea, has been abandoned, the results of the 
operation when performed as a single procedure, and not ns a part of a 
stabilizing operation on bone, being highly unsatisfactory. 

Dunn’s Operation for Stabilization. For more extensive paralytic 
deformities of the foot and leg, where instability is the outstanding 
feature, the stabilizing operation described by Dunn is of considerable 
help. This procedure has as its ol^ect the fusion of the sub- and pre- 
astragnloid and calcanco-cuboid joints, leaving the ankle-joint to perform 
the normal range of antero-posterior movements, but obviating the 
twists and defonnities which previously occurred below and in front of 
the astragalus. The operation » performed preferably after the age of 




Fio. 129 — NfttiRhtoii Dunn'fl Oppration. 

(J.) Showing foot In position following ©pcmlKMi with hrcl ilnplacoi liiitkwftfil*. 


of the astragalu<i is then divideJ behind its anterior articular surface, 
and this and the jjostcrior lialf of the hcaphoid arc removed. T)ie articular 
and interosseous surfaces of the astragalus and os calcis, together with 
their interosseus ligament, arc then rcraos^ and the foot displace*! back- 
wards on the a-stragalus (Figs. 129rt and 1296). If the tibialis posticus 
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or peronei, or even the long fiexor mnscles of the toes, are, by their over- 
activity, causing deforrait}*, they may with advantage be at the same 
time implanted into the tendo achillia. 

After displacement of the fool backn'ards the whole leg and foot are 
fixed at light angles \\\ the neutral position in a plaster case for a period 
of at least 4 months, to allow union to occur at the original snb-astragaloid 
and pre-astragaloid and calcaneo-cuboid joints. M’hen consolidation is 
complete no retentive splint is, as a rule, necessary, and walking in a 
normal shoe maybe instituted forthwith. If the consolidation is doubtful, 
the use of an inside or outside iron, combined with a night splint, may be 
of advantage for a time. 

Operative Procedup.es on the Upper LxitB 
Paralysis of the Shoulder Girdle 

For this very common disability arthrodesis of the joint may be 
performed, but its employment is only advisable under certain conditions. 

1. The scapula must be freely movable on the chest wall. 

2. The muscles govetning the scapula must be strong and active, 
so that the united scapula and humerus may be moved in one piece. 

3. The muscles gox'eroing the elbow and hand must be active and 
strong. IVith complete, or'ldmost complete, paralysis of the arm anky- 
losis of the shoulder U s disadvantage rather than a help. 

If these conditions are present, arthrodesis is usually advisable m 
children and adolescents, where the mobility of the scapula permits a 
usefol range of movement in adduction and abduction. In the adult 
the adiisafaility of arthrodesis is often questionable, and, whilst there is 
increased stability, there is the disadvantage of loss of every form of 
passive movement of the joint. This may not seem to be of much 
importance, but in women especially the loss of rotation is very often 
complained of bitterly following a successful arthrodesis. The technique 
of this operation has already been described in Chapter X. 


INFANTILE PARALYSIS OF THE TRUNK 

Paralysis of the Abdominal Muscles 
This disability is readily recognized by the abnormal prominence of 
the abdomen, especially when the patient is standing, and by the inability 
to contract the abdominal wall. When the paralysis affects only the 
abdominal muscles, sufficient support to the paralysed muscles is given 
b}’ a suitable abdominal belt, whose use may in time lead to considerable 
improvement and lessening of the paralysis. 

Operative Treatment. MTien only one side of the abdominal wall 

P.O.3. I. 
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is ])aralyse(l the operation of Lowman, which entails the implantation of 
a broad strip of fascia lata between the crest of the ilium and the lOtli 
rib on the affected side, has been tne<l with the object of preventing the 
development of a secondary scoliosis. The operation is Justifiable if the 
correction cannot be maintnmed by the hsc of an abdominal belt. 

Paralj-sls of the Glutei Muscles 

Paralj-313 of these muscles, if bilateral, presents an extremely difficult 
problem in locomotion. No suitable form of splint has been devised 
to give support to the hip in the extended position, and at the same 
time to allow fiexion at the joint. As a rule, when both groups of gluteal 
muscles are affected there is also very extensive and widespread paralysis, 
and the problem of the glutei muscles is only one of a senes wliich usually 
includes paralysis of both thighs and legs. Attempts to replace the action 
of the glutei by a portion of the erector spins muscle have proved to 
be on the whole unsatisfactory. 

No form of ambulatory treatment is entirely satisfactorj* ; the best 
support IS undoubtedly given by means of crutches, combined with the 
use of caliper splints. 


PARALYTIC DEFORMITY OF THE SPINE 
This condition has already been dealt with jn Chapter XIV. 



CHAPTER XVIII 
SPASTIC PARALYSIS 
(C’erkbral Paralysis op Ciiilube.v) 

Following an interruption in any portion of the upper motor neuron 
system a condition of hypertonicity of muscle develops in the affected 
area, the reflexes are exaggerated, and attempted voluntary movements 
are completed in an inco-ordinated and jerky fashion. According to 
the site and extent of the lesion, the muscular mco-ordination may be 
confined to one limb, to the arm and leg on the same side, to the two 
lower Umba, or may embrace all four limbs, the clinical conditions atismg 
from these affections being described as monoplegia, hemiplegia, para- 
plegia or quadriplegia respectively. The causative nervous lesion results 
from injury or disease, either of which may affect the central nervous 
system before, during or after birth. 

Types of Causative Lesion 

Anfe~Natal. Injuries to the upper motor neuron system occurring 
before birth must be e.xtremely rare, but instances of absence of develop- 
ment of part of the cerebral cotte.x, or of some portion of the pyiarmdal 
tracts, have been described, while ante*nata! syphilitic affections may also 
destroy the cell or its neuron. 

At Birth. Injuries occurring at birth are responsible for the great 
majority of cases of spastic paraplegia. These injuries to the nervous 
system are more likely to occur at this time if the labour is prolonged 
and difiicult, if forceps have been used, or if the child is subjected to 
prolonged asphjTda. Any part of the central nervous system may be 
injured, but the cerebral cortex, tlie corpuv striatum and the basal ganglia 
ore the common sites of injury’ 

Post-Natal. After birth the central ncr^'ous system of the chdd is 
more frequently affected by inflammatory conditions and disease than by 
injury. Ilasmortliage, meningitis, hydrocephalus and syphilitic affections 
may each produce localized changes, which are often followed by degener- 
ation in the pyramidal tracts and in the lateral columns of the cord, the 
affected nerve fibres and ganglion cells being converted into an undif- 
ferentiated mass of gliosis. 

Clinical Picture 

In any type of spastic paralysis the muscles of the affected limb, or 
limbs, are in a state of exaggerated spasm, resulting in the development 
of deformities which are stUl further increased by any effort at voluntary 
movements. The deformities develop owing to the inequality of strength 
S91 
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of the opposing muscles acting on a joint, the stronger group overcoming 
their weaker antagonists, and the limbs being dra\vn into abnormal 
positions. The most typical deformities are seen in paraplegia, where 
the thighs are held closely together, the hips flexed and internally rotated, 
while the knees are bent and the feet plantar flexed. These defomiities 
are still further increased if the patient makes a voluntary eJTort or is 
excited, while the excessive muscle spasm can be demonstrated Isy 
suddenly jerking the child, when the limla are seen to cross each other 
and the feet to become more acutely plantar flexetl. Because of the 
loss of control of the muscles, standing without support is impossible, 
and the inability to balance is often increased by the presence of in- 
voluntary twitching movements which only disappear during sleep. 

"When the upper limb is affected the arm is adducted to the side, 
the elbow shghtly bent with the foreaim firmly held in full pronation. 
The hand also shows considerable deformity, being flexed at the wrist 
and deviated towards the ulnar border, the thumb being flexed across 
the palm, where it is usually held by the flexed fingers. 

In paraplegia the mental development js, as a rule, considerably 
retarded. The child, in fact, often appears to be even less mtelligent than 
is really the case, on account of the difficulty experienced in enunciation. 
In the more severe type of the disease, dribbling at the mouth and absence 
of control of the bladder are frequently prominent signs which distress tlie 
parents and make any attempt at relief of the deformitie.s more difficult. 

Effect of Correction of Deformities. The mental condition of the 
child suffering from paraplegia is, to some extent, governed by its pliysical 
condition, ^\^lere the mentality is eulDciently advanced to justify 
correction, improvement in the mental state frequently follows on suc- 
cessful treatment of the deformities, and after an improvement in muscular 
control the child’s mental powers seem to develop rapidly. 

Treiatmcnt 

Indications. Treatment of the deformities should not be under- 
taken in every case. Unless the child is intelligent and can co-operate, 
any corrective treatment will only retard progress and will increa.se the 
abnormal muscle spasm. On the following considerations should be 
based the decision as to the advisability of treatment : 

1. The child must be sufficiently intelligent to understand all that is 
being said, in order that it may co-operate in treatment. 

2. If the child suffers from persistent bed-wetting, corrective proce- 
dures are definitely contra-indicated until this condition improves. 

3. Persistent dribbling at the mouth should be considered as a sign 
of backward development and loss of control, indicating a poor prognosis. 

4. The presence of athetoid movements in the affected limbs may also 
be taken as a definite contra-indication to operative treatment. 
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As a lule, if any of these font clinital signs arc present, operation of 
any kind should be postponed to a later date, because such patients cannot 
carry out the necessaiy exercises and voluntary movements rvhich form 
an important part of after-treatment. Tliis postponement of surgical 
treatment does not mean its abandonment, as an interval of complete 
test from all forms of treatment is often foibwed. by the disappearance 
of some of these unfavourable signs and an improvement in the patient’s 
general condition. 

In no branch of surgery are patience, care, and enthusiasm more fully 
rewarded than in tlie treatment of spastic paralpis. As previoiLsly 
noted, in many instances the patient’s mental powers are much greater 
than would appear on the first examination. Before starting any type 
of treatment every effort must be made to gain the patient's confidence. 
E.xercise3 with or without the help of a musical accompaniment are of 
the greatest value in helping the patient to relax. These exercises ate at 
first carried out simply by the patient and only when some progress has 
been made, should the treatment advance to the stage of mampulntive 
correction of the deformities. 

Many efforts have been made to reduce the abnormal muscular tone 
by the use of drugs and of these Prostigmine has been the most successful. 
Following its first administration there is frequently considerable decrease 
of the muscular tension, but prolonged use of the drug does not, as anile, 
improve the condition. 

Stretching, ll’hen the contractions are not extreme and the child 
is mentally bright, simple stretching of the contracted muscles may be 
sufficient to prepuce a decided improvement in control. In dealing with 
the lower limbs the adductor group of muscles should first be stretched 
and the thighs rotated outwards ; then the calf muscles are lengthened 
by passive doxsifiexion of the feet, and the hamstrings stretched by 
straightening the knees. Fixation of the limbs in the corrected position 
should be continued until the spasm has largely disappeared, retention 
in the corrected position at night being advisable ns a precautionary 
measure for several months. 

For the more severe degrees of the disease simple stretching of the 
affected muscles is insufficient, and reduction of the spasm and correction 
of the defonujties can only be obtained by 

Operative Treatment. Tlie various operative procedures available 
may be grouped into four classes ; 

1, Division of posterior spinal nerve roots (Forster). 

2. Operations on sympathetic nerves (Royle). 

3, Ojrerations on efferent nerves (Stoffel). 

4 . Operation-s on muscle. 

These four methods, in each of which the problem of excessive muscle 
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spasm is attacked from a difTerent angle, have been very extensively 
used, and certain conclusions may be d^a^vn from the results observed. 

1. As the central inhibitory control of the muscles has been lost 
by the dcstniction of part of the upper motor neuron, an attempt was 
made to diminish the excessive muscle spasm and to increase the voluntaiy 
control by division of some of the posterior roots of the nerves supplying 
the affected limb. As it would obviously be impossible to divide nil the 
posterior roots of the nerves supplying the limb without causing a com- 
plete anajsthesia, the division of htdf of these roots was carrieil out, and, 
although the operation was followed by some diminution of the exce.ssive 
spasm, there was no corresponding increase of voluntary control of the 
affected muscles. 

2. Roijle's opfraiion of division of the grey rami coramunicantes, 
passing from tlic sympathetic nervous system to the motor nerves supply- 
ing the affecteil muscles, is based on the theorj' that the iibnorraal spasm 
m the.se nmscles results from the presence of non-medullated fibres from 
the sympathetic nervous system, through which the tome muscle spasm 
was thought to be controlled, tlie voluntary muscle contractions being 
governed by stimuli from the motor fibres. It is probalde that the theory 
of this extra innervation is unfounded, and the results obtained by this 
method of treatment have been so poor that it now receives little 
support. 

3. operation consists in the division of some portion of the 
motor fibres which supply each of the contracted muscles, the object of 
the operation being the reduction of the spasm in that muscle. Un- 
fortunately it is not possible to gauge the e.xact amount of nerv’e tissue 
which should be dmtled, anil instances of too restricted and too free 
division are common. 

4. In this method an attempt is made to equalize, as far as possible, 
the power exerted by the opposing groups of muscles which act on each 
joint of the affected limb. 

The stronger groups of spastic contracteil muscles are weakened by 
their complete or partial division in order that their opponents may act 
to better advantage, the object of the treatment being the restoration 
of the balance of power between the opposing groups of muscles. The 
persistent adduction deformity of the thigh can be overcome by weaken- 
ing the pull of the adductor muscles, which are first put under tension 
by abduction of the limb, and then divided by a tenotome clo.se to their 
origm from the pelvis. The hamstring muscles are seldom sufficiently 
tight to require lengthening; very occasionally, in the presence of a 
severe flexion deformity of the kmee, the tendons of the 8emitendiiio.su.s 
and gracilis muscles may be lengthened by a Z-shapod tlivision performed 
through an incision m the popliteal space. It is necc.ssary only to weaken 
and not completely divide these tendons, and it must be remembered 
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that under no circumstances should the semimembranosus tendon be 
divided or elongated. 

Equinus Deformity. This deformity, which is alwaj’s -present in 
spastic paraplegia, must never be treated by complete dmsion of the tendo 
achillis, because of the danger of producing non-union between the widely 
separated ends of the diwded tendon. If possible, the contracted calf 
muscles should be stretched by forcing tbe foot above right angles and 
filin g it in this over-corrected position in a plaster case, but if tbe muscular 
contraction is so great that the foot cannot be forced into the desired 
position, the tendon should be lengthened by open division and suture. 

Through a lateral incision, 4-5 inches in length, the tendon is split 
along its centre, and divided through half its substance on opposite sides 
at the upper and lower ends of this incision. The foot should then be 
brought to right angles by sliding the two halves of the tendon between 
the cuts, after which the two portioas of tbe divided tendon are sutured 
firml}' together. Fixation of the foot at this angle is continued for 
8 weeks, when use without protection Is permitted, recurrence of the 
contraction being prevented by tbe continued use of a right-angled foot 
splint at night. 

Correction of the Internal Rotation of the Thigh. Internal 
rotation of the thigh is occasionally e.Ttrefflely persistent in spite of 
continued stretching, and the deformity may be disabling even when all 
the adduction has been corrected. The cause of the rotation is to be 
found, 08 a rule, in the over-action of the anterior portion of the gluteus 
medius muscle. This can be felt a.s a tight band in front of the upper 
end of the trochanter, especially when an attempt is made at paasive 
external rotation of the lup. 

Correction of this deformity b comparatively easy, the tendon of the 
gluteus medius being dirided close to its in'»ertion into the great tro- 
chanter, the operation being performed through a vertical inebion made 
over this region. 

After -Treatment 

A\Tien the deformities have been corrected, either by stretching or 
by divbion, after-treatment must be carried out conscientiously if im- 
provement in function is to be obtained. The child should be fixed on a 
frame, with the legs widely separated and the thighs externally rotated, 
the k-nees being kept straight and the feet maintained at right angles in 
foot splints or in plaster casts. This position is maintained for 4 weeks, 
when tlie cliild can safely be removed from tlie frame and the limbs 
e-xcrciseil. The retention of the feet at right angles must be continue<l 
for at least 8 weeks before allowing full use of the limbs. The period of 
fixation is followed by the more important stage of restoration of func- 
tion, the child is encouraged to stand, confidence l>eing given by adequate 
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support which is gradually diminished as the power of movement returns. 
Exercises of a selective tj’pe should be encouraged, each limb and each 
joint should be used separately, the object of training being the develop- 
ment of control rather than the development of muscle strength. 

When the child begins to walk the knees should be kept fully extended 
by the application of straight splints, which arc removed as soon as the 
walking exercise is finished. If flexion of the knees is allowed in the 
early stages of walking a severe calcaneu.s deformity of the foot may 
develop, owing to the overstretching of the unsupported posterior capsule 
of the ankle-joint. In 2-3 months all fixation may be removed and 
complete freedom permitted, but the use of right-angled foot splints at 
night should he oontmue<l for at least another 3^ months. 


HEMIPLEGIA 

The Lower Limb. In hemiplegia the deformity in the affected 
loner limb is identical with that seen m paraplegia, the mental condition 
of the child is usually better than that of the paraplegic, and treatment 
of the same type can be undertaken with confidence. 

The Upper Limb. Here, tbe cause of tbe deformity is the same as 
that of the lower limb ; all the muscles are contracted m a tomo spasm, 
the position assumed by the limb being the result of the greater power 
of the flexor as compart with the extensor groups. The wrist is flexed 
and 13 usually deviated towards the ulnar border with the fingers extended 
at the metacarpophalangeal and flexed at the interphalangeal joints. 
The elbow is flexed to right angles and the forearm is fixed in pronation, 
full supination, either active or passive, being resisted chiefly by the 
shortened pronator radii teres muscle. 

Treatment 

AMien the deformity is comparatively mild and the muscular con- 
traction is not excessive, considerable improvement in function may be 
obtained by moulding the forearm into supination and the wrist into 
dorsiflexion, and fixing the limb in this position for at least 6 weeks. 
The corrected position is maintained until the spasm lias diminished, 
this period of stretching being followeil by exercises designed to develop 
the movements which were previously absent. Tn order to prevent 
recurrence of the defonmty the reappVication ol the corrective splint at 
night should be continued for several monllis. 

In the mote severe contraction, when correction of the deformity by 
moulding is impossible, the power of sujiination may be restored by 
weakening the excessive action of the pronator group of muscles. To 
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do this the tendon of the pronator radii teres should he divided close to 
its radial insertion. 

Operation. Through a vertical incision over the outer border of 
the radius, just above the middle of the bone, the tendon of the pronator 
radii teres is defined as it lies under the tendon of the supinator longus. 
The whole of the tendon of the pronator radii teres is stripped off the 
radius and the forearm supinated. After-treatment follows closely on 
that used in simple stretching of the tendon, and definite improvement 
of function can be expected. 

Flexion of the Wrist. Flexion of the wTist can be diminished and 
the of the fingers and thumb improved by the application of a short 
wrist splint (Fig. 11), which retains the wrist in slight doraiflexion and 
permits the free use of the fiugers and thumb. The use of the splint 
should be continued for at least 3-0 months, when it may be gradually 
removed, being reapplied at night only for another C months. 



CHAPTER XIX 

PERIPHERAL NERVE INJURIES 

Peripheral nerves may be injured by many types of direct <ancl indirect 
trauma, the most obvious bemg through the medium of a penetrating 
wound, in which the nerve may be dinded partially or completely. 
Injury to the nerve may also occur as a complication of a simple fracture, 
the nerve either being torn over n sharp bony spike, or, if iminjured at the 
time of the fracture, its continuity may be lost at a later date through 
the development of an organizing scar m the surrounding tissues. 

The radial, ulnar and external popliteal ners'es, which lie close to the 
surface, are particularly prone to injury by bruising or crushing, and 
severe damage to their constituent fibres may be caused by continued 
friction of the nerve over a bony prominence The function of a nerve, 
which is the conduction of impulses either from the central nervous 
system to the periphery or in the reverse direction, may bo lost either 
with or without an anatomical interruption in its fibres. 

For this reason nerve lesions may be grouped into two mam disnsions : 

1. Physiological lesions, in which the nerve function is lost snthout 
interruption in the continuity of its filaments or of its enclosing sheath. 

2. Anatomical lesions characterized by a definite interruption in the 
substance of some or all of its fibres. 

PlirSiOWGICAL LESWNR 

In tills group, to winch the title of ners'e concus-sion is also given, 
injury to a mixed nerve is followed by loss of power, either partial or 
complete, in the muscles supplied, while at the same time sensation is 
lost over its sensory distribution. The leas of sensation is, ns a rule, 
incomplete, and the area of aniesthesia does not exactly correspond with 
the area of skin supplied by the injured nerve. Although the muscles 
siippbed by the injured nerve show no power of voluntary contraction, 
they do not, as a rule, become atrophied, and their response to furadic 
stimulation is retained during the whole period of their functional in- 
activity, Return of some voluntary poiver occurs within a few days or 
weeks, and restoration is usually complete within 3-4 months. Occa- 
sionally, liowever, if the injured nerve has become involved in scar tis-sue, 
these signs of concussion are replaced by those of compression owing to 
contracture round the site of injury. 

Compressioti of a nerve may be the result of pres-sure from outside 
the body, as in the case of crutch paralysis, in which the radial nerve 
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is compressed against the upper and inner side of the humerus, producing 
the typical crutch palsy with loss of power of extension of the wrist and 
fingers. Or similar signs can follow the constriction of the ner\’e in a 
mass of scar tissue following on extensU'e soft tissue lesion. Very occa- 
sionally the pressure of callus round the site of a healing fracture may 
form the constricting agent, although in most instances the nerve retains 
its function, e%'en when surrounded by a large mass of callus. 

Signs and Svmptoms 

The signs and symptoms which are caused by compression are usually 
identical, whether the onginating cau.se be from an external source or 
from within the body. Neuralgic pains of varying severity, cramps and 
muscle spasm appear early and steadily increase. Sensation is partially 
lost over the area of distribution, while the affected muscles lose power, 
although always retaining some degree of voluntary activity. 

Nerve imtalion may follow on any ty’pe of injury to the nerve itself 
or to its neighbouring tissue.s, the sj-mptoms varying with the severity 
of the lesion, from tingling and tenderness along the affected nerve 
trunk to a condition described os causalgm, in which pain is practically 
constant, and is increased by any movement of the limb or by changes 
of temperature, or pressure on the ners'e or on its area of skin distribution. 
As with the pain and tenderness, the cutaneous signs also vary with the 
severity of the lesion from a slight ilampness to a profuse sweating over 
the whole extent of the area supplied. 

True cauaatgia is as a rule found only when the original nerve injury 
or any subsequent surgical intervention has been complicated by in- 
fection. Sections from a nerve affected in thw way demon.strate a inde- 
spread infiltration of fibrous tissue between the fibrils, some of which 
show signs of degeneration. In true causalgia the pam is often so severe 
that the patient refuses to move the limb or to have it washed or touched. 
His general condition rapidly deteriorates, as a result of loss of sleep, 
and in some recoideil cases self-destruction has been preferred to constant 
agony. 

ANATOMICAL LESIONS 

The injury sustained by a peripheral nerve in the substance of a 
punctured wound may he complete or incomplete, while those occurring 
as complications of a fracture or dislocation arc, as a rule, incomplete. 
The Signs of Complete Division of a Mixed Nerve can be sum- 
marized as follows ; 

1. Loss of Voluntari/ Poicer in all the Muscles supplied by the Injured 
Nene. The affected muscles show a steadily increasing atrophy, the 
diminution in size being caused by the degeneration of some or all of the 
muscle fibres and their replacement by fibrous tissue. 
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2. AUeratiojis in Elcclncal Reactions oj the Affected Muscles appear 
iapklhj. The normal reaction of the muscle following stimulation by 
tlie faradic current is lost in 2i-72 hours, while the response of the muscle 
to galvanic stimulation is considerably alter«I, the muscular contraction 
resulting being irregular and frequently localized to one part of the muscle ’ 
stimulated. In 2 or 3 weeks a change is noticed in the polar response 
to galvanic stimulation. Normally the muscle contracts more fully 
and rapidly with the catliudal closing current, but this gradually alters 
until the anodal closing current produces a more powerful contraction. 
This condition of loss of reaction to faradic stimulation and change in 
the polarity of galvanic Rtimulation is described as the reaction of 
degeneration, and can be taken ns a sign of an anatomical division of the 
nerve fibres If the muscle degeneration continues, the galvanic response 
IS eventually lost also, owing to the complete replacement of muscle 
fibres by fibrous tissue. 

3. Sensory Changes. Complete anaesthesia m the area of skin supplied 
solely by the inju^ nerve, the loss of sensation involving both fine 
touch and pia-pnek. Round the edges of this area of aniestbesia there is 
often found a ring of ruargioal hypencsthesia in the area rcceii'iog a double 
supply from the injured nerve and from its uninjiired neighbour. 

4. Vasomotor and Trophic Changes are shown by the affected cutane- 
ous area becoming smooth, dry and shiny, the normal skin creases tend 
to disappear, while ui the fingers the loss of subcutaneous tissue produces 
a tapermg, spiky appearance. Ulceration of the affected area is commonly 
present w'ith complete anaesthesia, but ts not caused solely by the loss of 
sensation, but by a combination of amesthesia and external irritation or 
injur}'. 

Signs of Incomplete Division 

M'ith an incomplete lesion some of the changes just described are 
present, while in other areas supplied by the affected nerve tlio reactions 
are normal. Thus, some of the affecUsl muscles may show the reaction 
of degeneration, while in others the response to electrical stimulation may 
be normal. Sensory loss is not complete, and sensation may be present 
in part of the area supplied, while the trophic changes are, as a rule, 
mmimal, or may be present only in a localized area. 

TllEATJtENT OF NERVE INJURIES 

Efficient treatment can only be based on a correct diagnosis, which 
should if possible be established before treatment is undertaken. 
Although it is not always possible to differentiate between a partially 
divided nerve trunk and one in which pressure of external scar is produc- 
ing a partial loss of function, a dedsion must be reached as to the presence 
of a physiological or an anatomical lesion. With a physiological division 
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recovery takes place without any active surgical or phpiotherapeutic 
measures. Rest and warmth of the affected limb are sufficient to hasten 
the inevitable recover}'. 

Nerve compression and ner\'e irritation, although producing different 
syndromes, can be considered as one problem from the pomt of view of 
treatment. They ate each, dne to abnormal local conditions, either 
in the nerve itself or in the neighbouring tissues, and the question of the 
advisability of conservative or operative measures in treatment depends 
to a large extent on the severity of the sjuuptoms. It is adnsable in 
either of these conditions to postpone operation until exammations, 
repeated at inten’als of a month, have demonstrated that the ner\’e 
involvement is increasing or is showing no signs of improvement. During 
the period of waiting considerable beneBt can be secured by ph}'sio- 
therapeutic treatment ; paralysed and stretched muscles should be 
relaxed by splinting or bandaging, and local circulation can be improved 
by heat and massage. 

If it be decided as a result of careful re-examination that a true 
anatomical division of nerve fibres is present, no time should be lost in 
performing the necessary operation. An operation of inspection in the 
hands of a competent surgeon is never harmful end is often of the very 
greatest advan^ge to the patient. Mom harm is done by unnecessary 
waiting than by a simple exploratory operation, even when the condition 
found at the time of operation is not sufficient to explain the loss of 
function. It is better to err on the side of early operation rather than 
subject the patient to unnecessarily prolonged conservative treatment. 
Treatment of Causalgla 

The prognosis in this condition, and the treatment available, differ 
so greatly from that of all other types of nerve injuries that it is advisable 
to consider it os a separate entity. Occasionally the affected nerve can, 
with advantage, be freed from pressure of the surrounding scar tissue 
and placed in a scar-free intermuscular bed, but as a rule the operation 
is not followed by any relief of symptoms. After one attempt no further 
operation of a similar type is advisable ; even a wide exsection of the 
affected area of the nerve does not as a rule lead to any diminution of the 
symptoms, and amputation of the limb at a higher level may be suggested 
by the patient. As this heroic treatment often fads to relieve, it should 
only be undertaken as a last resort and \rith the patient’s realization 
of the possibility of failure. Electrical stimulation, radiant heat, batLs 
and massage do not as a rule afford any relief, although on occasion 
some allevdation baa been obtained by the use of anodal galvanisni. 

Tlie most satisfactory treatment consbts in maintaining complete 
immobility of the area, which should also be protected from injury and 
from changes in temperature. The affected limb should be lightly 
bandaged over a layer of wool and immobilised for an indefinite, but 
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usuallyprolonged, period. Followingthis line of treatment, relief, thoiigli 
always slow, is the rule, and as the patient is usually an.tious to contiiiue, 
complete alleviation is often obtained. 

Ganglionectomy. The operation of ganglionectomy has in many 
instances given complete relief of caosalgia when all other methods have 
failed. Certain conditions must he present if success is to be obtained. 
The prognosis is poor if the causalgia has been, present for several years, 
the results in these cases being so poor as to make the operation inadvis- 
able. A definite indication of the probable success of the operation can 
be obtained by the injection of Novocain into the stellate ganglion ; if 
the pain disappears following the injection, permanent relief will almost 
certainly follow ganglionectomy. 

Recent Nerve Injuries 

If a nerve lesion is discovered in an open wound, primary suture 
should never be undertaken if there is any possibility of wound infection. 
It is advisable to delay suture until ah risk of this complication has 
disappeared, when secondary suture can be effected with safety and with- 
out risk of the occurrence of the intense hypertesthe«ia or causalgia 
which 80 often follon- infection at the line of suture. 

If the divided nerve is seen during the course of debridement of an 
extensive wound of the soft; tissues, the secondary operation h made 
more simple by approximating the ends by one loosely tied suture inserted 
through the sheath. At a later date, without the nsk of infection, the 
routine end-to-end suture should be undertaken ; the delay of one or 
even two months— which is involved in this routine— does not unduly 
delay the recovery of function and should not weigh against tlie nsk of 
infection The interval between the cessation of infection m the wound 
and the performance of any necessary operation on the nerve depends 
on the tissues involved. If the nerve lesion is associated with a com- 
pound fracture, no operation should be considered until all trace of 
infection lias disappeared for at least 3 months, while if bone is not 
involved the period may be shortened to 4 or 0 weeks. During the 
last 3 weeks of tliis period of waiting the wound should be subjected to 
heat and massage, in an effort to bring to light any septic focus which 
may be localized m the depths of the wound, and which could be the 
cause of infection at tiie subsequent operation. 

Operation, A long mcision is made over the course of the injured 
nerve, extending well above and below the probable site of injury. Tlie 
undamaged portions are first identified above and below the Ic.sion and 
followed from these points towards the suspected area. By following the 
neri’e in this way from the normal tissue on either side it is comparatively 
easy to identify it through its wh<de course, but if approached directly 
through a mass of scar tUsne identification is usually impossible and 
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entails a considerable degree of trauma. In completing the dissection 
the nerve may be raised from its bed by flat elevators passed under it 
above and below the injured area, thus allowing the dissection to be 
completed without injurj* to its trunk, '^\^len the nerve is freed from 
the surrounding scar the exact nature of the lesion can be appreciated 
and dealt with. The foUo^vlng are the types of injury usually 
encountered : 

1. Complete division. 

2. Lateral fibroma. 

3. Central fibroma. 

4. Division of nen.'e fibres with continuity of sheath. 

6. Lateral adherence to scar. 

6. Involvement of nerve in scar mass. 

Complete Division of Nerve Trunk. When the divided nerve 
ends have been freed from the surrounding tissues it will be seen that, 
on the central end, appears a tounde<l neuro-flbromatous tumour, while 
the degenerated distal segment shows no such mass, although occasionally 
a small rounded neuroglial cap is present. In order to be successful the 
surgeon must aim at bringing together the healthy freshened nerve 
ends free from scarring, and joining them in approximately their normal 
alignment. This freshening of the nerve-emls can be completed satis- 
factorily by grasping with the forceps the sclerosed ends of each segment 
which, on account of its structure, cannot conduct impulses and must 
be removed. While the nerve is steadie<l in this manner the trunk 
is cut through half its substance at the base of the terminal fibroma ; 
if healthy fibres — indicated by protruding bundles and often by bleeding 
—are not seen, further simJar cuts are made at inter\’als of one-sixteenth 
of an inch away from the lesion until satisfactory conditions ate en- 
countered. The distal end of the nerve is similarly prepared, the only 
difference being that the protrusion of the nerve fibres is not so definite 
as in the proximal segment, owing to the degeneration which always 
occurs in the nerve fibrils and in the sheath. The prepared nerve ends 
should now be joined by suture of the cut nerve sheaths, the suture 
material used passing through the sheath only and hot through the 
substance of the nerve. 

By experiments on animals Young has shown that around each 
suture there is developed a localized area of inflammation and later 
fibrosis; the amount of the inflanunatory reaction depends on the 
nature of the suture material Very fine silk sutures produced the least 
reaction, while the use of catgut was followed by considerable scar 
formation at each suture point. In these same experiments it was abo 
discovered that, if the divided nerve emls were stuck together by a non- 
irritating adhesive material, in this case fibrino-plastin, this inflaraina- 
torj* reaction could be eliminatcil, while the rate of growth of the 
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divided fibres was slightly acceler3te<l 
when fibrino-plastm was used as com- 
pared with the sutured nerve. The use 
of fibrino-plastin as a suture material 
is unfortunately only possible in 
experimental work, as considerable 
tension is often present between the 
divided and sutured nerve ends 
Fine silk or linen thread sutures 
can be used with safety and should 
be inserted through each end of the 
Flo. 130.— Suture of a nerre, ahowing nerve, as in the diagram (Fig. 130) 
VUterjoiningtheeuiis a new healthy 
bed should be provided, preferably 
between two neighbouring muscle bellies, the unbroken penmyaium 
forming the best possible prevention agaiiat the subsequent formation 
of adhesions. The use of loose or pedunculated fat or fascial flaps to 
cover the line of suture has been dismrded, as these flaps did not prevent 
pressure and adhesions round the line of suture, but by their conversion 
into scar tissue they made these complications inevitable. 

Until recovery of function the paralysed muscles must be protected 
by splinting against the overstretching which follows on the unbalanced 
action of their opponents. By massage and weak electrical stimulation 
the circulation can be improved and the muscle fibres maintained in a 
condition suitable for the resumption of activity wlien nerve function 
has been restored. 

Central and Lateral Fibromata. In addition to their difference 
in situation these tumours differ abo m structure The central fibroma 
is almost invariably composed of connective tissue, derived in most 
instances from the organization of a hasmatoma. The lateral fibroma may 
consist of a similar mass of connective tissue, or may be a pure neuroglial 
tumour, projecting from the side of the nerve trunk. Although a 
neuroglial tumour may be present without producing symptoms or signs 
of interference with conductivity, fibromatous masses in the substance 
or attached to the side of a nerve are usually associated witli an injury 
to a certain proportion of the neighbouring nerve fibrils. The decision 
as to the advisability of active surgical repair of tlie involved nerve 
depends on the extent of the rephicement of the nerve fibrils by scar 
tissue and on the proportion of ners'e fibrils which are still active. 

If it is decided that repair of the nerve is iiecefwary, operation is 
undertaken after a complete investigation of it.s sensory and motor 
functions. IVhen the nerve has I»een exposed at operation further 
examination is possible. Two more exact methods of te-sting its con- 
ductivity arc then available; the first consists in direct stimulation of 
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the nerve above the site of lesion \rith a sterile electrode and recording 
the muscular response. This method is not always entirely reliable, as the 
nerve immediately after being freed from pressure may fail to conduct 
stimuli which would pass after an interval of rest. The second method 
of mechanical stimulation of the nerve, by light touches above the lesion, 
is much simpler, and is as reliable as electrical stimulation ; both methods 
are of value, but the final decision as to the procedure to be adopted 
must be based on a careful weighing of all the different types of 
examination. 

A decision as to the probability of recovery of function in the injured 
nerve is helped by digital examination at the site of the le.sion. When 
the nerve is palpated the consistence of the tumour can be appreciated. 
If, before operation, clinical examination has indicated serious inter- 
ference in function, and on palpation a strong hard lump can be felt in 
its substance, it is unlikely that any improvement will follow conservative 
measures. Under such circumstances, the whole of the affected segment 
should be excised and the divided ends Joined together. ^\’hen the 
tumour is soft, and especially when previous clinical investigation 
has indicated a comparatively mild lesion, improvement often follows 
the transference of the ner.'e trunk into a healthy intermuscular 
bed. 

The operation of neurolysis, or splitting of the nerve sheath, in an 
effort to relieve pressure in the affected area, is of no practical value, as 
pressure could arise only from the conversion of the sheath into fibrous 
tissue, and splitting this fibrous mass leads only to an increase of its 
substance and an exaggeration of its pressure effects. 

Division of Nerve Fibres with Continuity of tbe Sheath. This 
type of injury occurs most commonly as a complication of fractures or 
dislocations, although it is evident from clinical examination that the 
nerve function is completely lost. At operation .the affected nerve 
appears to be uninjured, and the type of injury is appreciated only by 
the fact that the opposite walls of tbe uninjured sheath have fallen 
together over a limited section. Although theoretically the down- 
growth of fibres from the central to the distal segments is a possibility, 
it is found that this growth docs not occur unless the empty portion of 
the sheath is exsected and the two prepared ends joined together, as for 
a complete ner\'e division. 

Involvement of a Netwe in Scar Tissue. A nerve trunk may be 
involved in scar tissue, cither in the centre of a mass, which compresses 
it and eventually interferes with its function, or by adhesion of the scar 
to one side of the trunk, usually producing a deviation of the ners'e from 
its normal course. The latter type of involvement, although apparently 
not 80 serious, usually causes an earlier anil more complete loss of func- 
tion than the former. Even slight kinking of the ner\'e may lead to a 
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complete block in fanction, wbUe conductivity is often present in spite 
of severe circular compression. If tbe interference with the nerve func- 
tion is caused by involvement in tbe scar and not by destruction of nerve 
fibrils, relief can be obtained by dissecting the scar tissue from tbe nerve 
and preventing its To-formation by placing the freed nerve in a healthy 
intermuscular space. The decision as to the advisability of simple 
transplantation to a new bed, or essection of the affected nerve segment, 
is arrived at in the same manner as that used when deafmg with 
nerve fibromata. 

Difficulties Encountered In Nerve Suturing 

When a considerable portion of a ner\'e has been destroyed, it may 
be impossible to bring together the two prepared nerve ends wJiose 
junction is essential for a restoration of function. A considerable gap 
may be bridged by alteration of the position of a neighbouring joint; 
thus, by flexion of the elbow, a wide gap in the meilian ner%'e may be 
closed, or the two ends of a divided muscido-spiral nerve may be approxi- 
mated without tension, but even with these alterations of position it 
is often impossible to bring the ends into apposition. Occasionally, 
when the central segment of the divided nerve is held m position by 
an important branch, approximation — ^ivhich was previously impossible 
—becomes comparatively easy by separating tiie branch from the trunk 
for some distance by blunt dissection, or if the retaining branch is of 
little importance it may be sacrificed. 

Although it is occasionally possible to transplant a nerve for a con- 
siderable distance to a new area, and by this means bring together the 
two divided ends, the wide dissection and freeing of the nerve from 
its blood supply diminishes the chance of recovery of function and 
increases the probability of fibrosis occurring in tbe transplanted nerve. 
The following methods, which have been used in the past to close a 
gap in a divided ner>’e. are of historical interest, but are not now con- 
sidered to be of any practical value. 

1. Turnmg a flap of nerve tissue from one or other segment of 
a dirided nerve to bridge the gap. 

2. Pas.sing sutures from one nerve end to the other across a gap, 
which is then surrounded by fat flap, fascia or vein. 

Nerve Transplantation. The ojieration of nerve transplantation 
was attempted on many occasions during the 1914-18 war. but the 
re-sults obtained were so bad that the methoil was tondemned as useless. 
Recently tlie work of Seddom (BrUhh Journal of Stinjenj, 1917) liad 
indicated that the iins.stisfuctoiy results then obtained acre probably 
due to faulty technique. 

Using sections of mi.xed or sensory nerves from the .same patient to 
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fill the gap in the injured nerve, it has been shoi^-n that recovery of all or 
part of the function of the dhnded nerve has been obtained m at least 
50 per cent. Further work along these lines is indicated in onler to 
clarify the possibilities of the method. 

The approximation of the dm'ded nerve-endings is sometimes pos.sible 
by the use of the so-called two-stage suture. This method is of value 
in lesions of the great sciatic nerve when, after extcn.sive destruction, it 
is found to be impossible to approximate the divided ends, even after 
full flexion of the knee-jomt and hyperextension of the hip. R'ith the 
limb in this position the two ends are brought together as nearly as 
possible by sutures, and the limb fixed in this position for 3-4 weeks, the 
knee being then slowly straightened and the hip flexed. R'hen the knee 
is straight a second operation is undertaken, when it is usually found that 
the nerve-ends can now be brought together by full flexion of the knee. 
There are many theoretical objections to this method of forced stretching 
of a nerve with the object of bringing together widely separated ends. 
Recovery of function in the sutured nerv'e is never complete, but improve- 
ment has occurred on many occasions to a degree sufficient to prevent 
the necessity of subsequent amputation. 

Difficulty of Finding a Suitable Bed for the Sutured Nerve. 
In most situations it is possible after suture to find a suitable unscarred 
intermuscular bed in which the nerve may be placed, but occasionally, 
on account of very severe soft tissue injur)’, or when the lesion has 
occurred in a position such as the flexor aspect of the wrist, there is no 
such space available. The use of pedunculated fat or muscle flaps as 
covering sheaths has not been satisfactory, the flaps, even when peduncu- 
lated, tending to become fibrotic and causing constriction on the nerve 
trunk, a tendency which is much greater when free flaps ate useti vn 
this way. Although it is not always possible to pronde an ideal bed 
for the injured nerve, ikc can lie made of neighbouring tendons, even 
when the more satisfactory’ muscle bellies are not available. 

Ajter-teeatme>t or Nerve 0per.\tion3 

During the period of anaesthesia and loss of motor power, the affected 
tissues must be protected and a good vascular supply maintained until 
Junction has been restored. GeatJe massage, combined mth protectios 
of the paralysed muscle from the overstretcliing which follows on the 
unbalanced action of the opposing group of muscles, form the basis of 
treatment. The use of clcctncal stimulation of the muscles during the 
period of their recovery is of ailvantage only when employed with the 
greatest care. Over-stimulation of the affected muscles by the galvanic 
current can retard the recovery, while a few gentle contractions carried 
out each day improves the blood supply of the muscle mass. 
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PltOONOSIS 

^ The possibility of recovery of function follov-ing operation on an 
injured nerve depends on many factors, of which the most important are ; 

1. Type of Nerve Involved. Complete recovery of sensation and motor 
power is extremely rare after suture of a mixed nerve ; the efferent or 
motor fibres show a greater restoration than the afferent or sensory 
fibres. Although the return of power in all the muscles supphed by 
the injured ner\’e is common, the return of sensation is always incom- 
plete, the patient usually being able to appreciate touch and pressure 
but being unable to differentiate fine differences of temperature or to 
localize pm-point contact. As a result, the musculo-spiral nerve, which 
is composed largely of motor fibres, lias a very favourable prognosis 
as compared with the median, in which the proportion of sensory fibres 
is much greater. 

2. Size of the Muscla Supplied. The larger the size of the muscle 
which is paralysed the greater is its chance of recovery after suture 
of its motor nerve. Thus, the dehcato lumbrical and interossei muscles 
frequently remain paralysed in spite of complete recovery jn the large 
muscle masses on the flexor aspect of the hmb. 

3. Time leitceen Injury and Operation. The roost hopeful tune for 
operation is umnediatdy after the injury; the greater the interval, 
the less hopeful is tlie prognosis. Tlie completeness of recovery following 
the operation rapidly decreases as the jnten'al lengthens, and although 
no definite time hmit can be stated debarring the patient from any 
prospect of improvement, it will usually be found that after an interval 
of 2 years even a perfect end-to-end nerw suture is followed only by 
an indefinite alteration in sensation and, in very rare instances, some 
slight improvement in muscle power. 

4. Sepsis. The occurrence of sepis m the neighbourhood of n nerve 
lesion, either following the original injury or at any subsequent operative 
procedure, is followed by fibrosis in the nerve and the surrounding tissues. 
Complete recovery of function in the injured nerve cannot then take 
place owing to the compression and destruction of many of the growing 
nerve fibres and to the loss of mobility of the surroumling tissues. 

5. Trophic Chnngcs in the Ttssues Supplted. During the period of 
functional inactivity of the iujureil nerve, ulceration may occur m the 
area of ana?stliesia, and, unless protected, this soft tissue destruction 
may extend into the underlying tissues and may even involve a neigli- 
bouring joint or one of the underlying Iwiies. If such destruction lia-s 
occurred, full function of the hmb w never obtained, even in the presence 
of a good restoration of the motor and sensory loss. 

6. End-to-Etul Suture. Unless this has been pos,sible at tlie time of 
operation, the prospects of any recovery are nil. 

7. Site of Injury to the Nerve. If the injury and the subsequent 
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suture of the divided nerve have taken place at the origin of several 
of its branches, the chances of recovery are greatly diminished. ^VIlen 
the nerve has been injured and sntur^ in its course at some distance 
from the point of origin of any branches, the resulting scar is minimal 
and is confined largely to the sheath ; but if several branches have to 
be sutured to a main trunk, the greatly increased amount of scar tissue 
caused by the multiple suture lines prevents the normal down-growth 
of the ner\'e filaments, and forms a massive intraneural fibroma. 

8. Extent of Separation of the Injured Nerve from its Bed. If suture 
has only been pos-sible by a very extensive separation of the injured nerve 
from its surrounding tis.sues, the chances of recovery of function are 
gravely affected by the intraneural fibrosis which results from cutting 
off much of its normal blood supply. 


INJURY TO' SPECIAL NERVES 
Musculo-spiral Neire 

Owing to its closff apposition to the humerus through its whole course, 
the musculo-spiral nerve is peculiarly liable to injury. These injuries 
may he partial, as instanced by the crutch paralysis, or “ Saturday 
night palsy,” which is caused by pressure in the axiUa, or complete, 
as when the nerve is involved in a compound wound or in a fracture of 
the humerus, either immediately by tearing at the time of fracture, or 
later by involvement in scar tissue or callus when consolidation is 
occurring. 

Signs of Loss of Function In the Musculo-spiral Nerve 

VTben the Icraa of conductivity in the nerve is complete the effects 
vary with the site of injurj*. As a rule, the triceps muscle retains its 
power of contiactuifi, as the motor branches to its upper head arise 
at a high level above the usual point of injury to the nerve trunk. All 
the muscles which extend the wrist, fingers and thumb ate paralysed 
and wasted, as are also the anconeus supinator and bracbio-radialis. 

a result the hand falls into a position of drop wrist, and if this position 
is not corrected a secondary contraction of the flexor muscles and capsule 
of the ivrist ivill prevent even passivedorstflexion. The area of complete 
anesthesia is small, being confined to a small patch of skin over the 
dorsum, between the 1st and 2nd metacarpals and the adjacent bases 
of the thumb and index fin^. 

Differential Diagnosis 

The two conditions from which musculo-spiral paralysis must be 
differentiated are ; 

1. Lead Paralysis, which is always bOateral and is accompanied by 
other general signs ofabsorption, of which the most common is gingivitis. 
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2. Hysteria, which is not accompanied by muscular wasting, or by 
loss of sensation limited to the area described. 

Treatment 

Drop wnst, the result of axillary pressure, responds readily to physio- 
therapeutic measures. If the injury has been caused by the use of a 
crutch, this must be discontinued until the muscles have recovered. 
The hand and fingers should at once bo placed m a position which pro- 
vides relaxation for the paralysed extensor muscles, and this position 
must be retained until function is restored. The long hand splint 
(Fig. 12), uhich maintains the wrist at 30 degrees dorsifiexion with the 
metacarpophalangeal and mtcrphalangeal joints in slight flexion, is 
entirely adequate. The position of flexion at each of the joints of the 
fingers is essentia! if the rigidity which follows on prolonged fixation of 
these joints in extension is to be avoided. 

During the period of muscular relaxation the circulation of the 
affected muscles must be maintained by massage combined witli a minimal 
amount of electrical stimulation by the galvanic cunent, When the 
clinical examination and electrical reactions of the affected muscles 
indicate that the nerve has been divided, operation must be earned out 
on the lines already indicated. 

Operation. When the nerve lesion is present in the lower part of 
the ann, operation usually presents little difficulty. The nerve is defined 
above and below the site of injuiy and the necessary freeing carried out 
before end-to-end suture is undertaken. If a wide gap is present between 
the divided ends, approximation is usually possible by full fle.xion of 
the elbow before suturing. Complete transposition of the divided nerve 
in front of the liumerus leads to still further approximation, hut the 
operation is inadvisable on account of the unavoidable low of blood 
supply, which promotes fibrosis in the sutured nerve and jircvents full 
restoration of function. 

'When tlie lesion lias occurred in the middle of the fibrous tunnel in 
which the nerve lies on the back of the humerus, there may be con- 
siderable difficulty m defining its boundaries and dissecting out the 
divided ends. It is usually impossible to do this from either the upper 
or lower approach alone. The nerve should first be identified on the 
outer and lower aspect of the arm betiveen the tnceps and brachialis 
anticus. From this spot it is followed upwards until the site of injury 
13 ibuntf. Tlitougfi another inosibn in <Ae axfiVj: tie (rppnr pirnt o/ fiVe 
nerve is identified before it enters the fibrous tunnel ; this end is then 
followed downwards and its termination clearetl. Enough space to 
perform a suture can usually be obtained through one or other incision, 
and after the suture has been completed a thin pedunculated layer of 
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muscular tissue from the triceps is placed between the site of suture 
and the bony lesion. 

If end-to-end suture of the nerve is not pos.sible the function of 
the hand and forearm may be restored to a very large extent by means 
of tendon transplantation. In this operation active muscles on the 
Sexor aspect of the forearm, whtee loss does not destroy the function of 
the hand, are used to replace the action of the paralysed extensor group. 

Operation ol Tendon Transplantation for Muscuio-Spiral 
Paralysis. A vertical incision, 2i inches long, is made over the outer 
aspect of the middle of the shaft of the radius at the level of the insertion 
of the pronator radii teres. Overlying the insertion is the tendon of 
the supinator longus, which is pulled forward. The pronator radii teres 
tendon is then completely detache<l from the radius and is transplanted 
through a vertical cut made in the centre of the adjacent tendons of the 
extensor carpi radialis longior and brevier, the wrist being mainta’med 
in dorsiflexion during the whole course of the operation. Vertical in- 
cisions are then made along tlie course of the flexor carpi radiahs and 
ulnxtris tendons, which are divided at their insertions and freed for at 
least 4-5 inches up the forearm. An oblique incision is then made 
over the back of the wrist, and after freeing widely the subcutaneous 
tissues between the incisions, the flexor carpi radialis and ulnaris tendons 
arc transposed subcutaneously round the borders of the radius and 
ulna respectively. The flexor carpi ulnaris is then passed through slits 
m all the extensor tendons of the Angers, and the flexor carpi radialis 
similarly through the three extensor tendons of the thumb, care being 
taken that the Angers and wrist are kept in dorsiflexion during the 
whole procedure. The subcutaneous tissue and skin are then sutured, 
and tbe hand and Angers ate maintained at the same angle in which the 
wrist is dorsjflexed about 10-15 degrees for a period of 3-4 weeks when 
voluntary moveniento of tbe wrist, liand and fingers should be 
encouraged. 

Tbe success of the operation ilepends largely on muscle re-education , 
the patient must be taught to iwe the 'vrist flexors as extensors of the 
fingers, and must be encouraged to practise all the movements which are 
normally employed in bis occupation. The results of this form of treat- 
ment arc usually so good that the patient can return to any form of work. 

Posterior Interosseus Nerve 

Injuries to this nerve trunk are usually caused by penetrating wounds 
or fracture of tlie neck of the radius, and loss of function in the nerve 
is indicated by the presence of a complete paralysis of the extensor 
muscles of the fingers, wldlst the power of dorsiflexion of the wrist 
remains, oning to the continued acthity of the extensor carpi radialis 
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longior, which is innervated by the muscnlo-spiral nerve before its division 
(Fig. 131). 

Tlie chances of recovery of function following suture of a divided 
posterior interosseous nerve are extrenjely poor, even though the fibres in 
the nerve are almost entirely motor. The cause of the failure is to be 
found in the proximity of the terminal branching of the short posterior 
interosseous trunk necessitating suture of the many separate divisions to 
the single trunk. 

Occasionally, in clean-cut wounds close to its origin successful suture 
of the divided nerve is possible. Recovery of function can be obtained 
even in the presence of permanent paralysis by tendon transplantation, 
as already described in the treatment of paralysis of the jnusculo-spiral 
nerve. As the carpi radialia longtor muscle remains active it is not 
necessary to transplant the pronator radii teres tendon. 



Fio. 131 — Fnnlyiis of Fortenor Ia(«rosseous Nfrve, •bowing Action of oTtenaor carpi 
rsdiaLi lon^ior «-i(b paralyti* of extensors of flnfcca. 


Ulnar Nerv’e 

Injury to this nerve may be produced by : 

1. Fracture m the region of the elbow-joint. 

2. Penetrating wounds of the arm or forearm. 

3. Constantly repeated dislocations of the nerve from its groove 
behind the internal epicondyle. 

4. A condition known as late ulnar neuritis, which follows on a 
cubitus valgus or cubitus varus defonruty of the elbow. 

The signs of this last condition rarely appear before adult life, although 
the cause of the deformity at the elbow is almost invariably a loss of 
growth of the outer or inner aspect of the lower end of the humerus 
following a fracture of one of the condyles occurring in early childliood 
(Fig. 132). 

Signs 

"When a complete lesion of the ner\'e has occurred at or abo^’B the 
elbow-joint, it is indicated by the followmg signs : 
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1. Paralysis of the flexor carpi ol&atis muscle witli diminished power 
of action of the flexor profundis on the little and ring fingers. 

2. Paralj'sis and wasting of all the muscles of the hj'pothenar eminence 
and of the two inner lumbricala, the intcrossci, the adductors of the 
thumb and tlie deep head of origin of the flexor brevis polHcis. 



Tra. 13S.— ‘Ulnar Pab}'. aLowing defomut; of middle and ring finger* and wasting of 
interosaei. 

3. Anaesthesia over the little finger, half the ring finger and the 
hypothenar eminence, the aniesthcsia extending upwards to the level of 
the pisiform bone (Tig. 133). 

When the injury has occurred in the forearm the long flexor muscles 
are not affected, but in all ca-scs of complete division of the nerve tbe 
power of adduction of the extended little finger to tbe ring finger is lost. 
This movement of adduction of the little finger is tbe most valuable 
single test of the activity of the ulnar nerve, but is of no value unless 
performed with the fingers in full extenaioQ. 

TBEATirENT 

Lesions of the nerve ocenrriog in the arm or forearm are treated as 
already described by freeing or by end-to^end suture and rebedding in a 
healthy intermuscular space. When the injury Ls present at the elbow- 
joint it is often irapoasible to find a smooth covering for the line of suture, 
and in addition it is also essential in. many cases to remove the ner\’e 
from the repcat«l irritation of the condyle of the humerus, or to shorten 
it.s course in order to obtain end*to-end apposition. These points are 
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F/fl. 13?.— cuhiRoout by- 

fit) Median Kerre (aingle shading) 
fh) Ulnar Kme (Htipplmg) 

(r) •pin) .N'«>rTr (dmhU shading) 

met bj tranaplantation of the nerve in front of the Immeral condyle, 
where it can be placed m an unaiTertetl mtemiusculnr space 

Transposition o( the Uinar Nerve. The trunk of the nerve Is 
freely exposed above and below the elbow-joint and raised from its bed 
on the posterior aspect of the internal condyle of the humerus. Tlie 
internal intermuscular septum is now divided, together with the articular 
branch passing to the elbow-joint, and the muscular branch to the flexor 
carpi ulnaris is, if necessary, freed by blunt dissection for some distance 
upwards. A new bed is then made for the nerve in the substance of 
the muscle bellies in front of the internal condyle by division of the 
aponeurosis and superficial portions of the underlying flexor muscles, 
which arc then suturetl loosely over the implanted nerve. Tlie nerve 
must lie loosely iu this new Iwl and must not be iingleil or kinked m 
its new course. 

In the after-treatment of any operation on the ulnar nerve, whether 
by suture or transplantation, the band and fingers should be ma-ssaged. 
but the use of a sjilint of any tj’pe should be avoided because of the 
danger of the development of rigidity in the metacarpophalangeal an<l 
interphalangeal joints. 

Median Nen’c 

5Iost of the injuries to the nerve occur as complications of perforating 
wounds in the region of the wrist-j«nt, the nerve injury often lieing 
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associated with division of the flexor tendons of the hand and wrist. 
Occasionally the nerve is involved in fractures about the elbow-joint 
or the forearm, those in the region of the joint being caused by the 
displacement forward of the lower end of the upper fragment of the 
humerus, by which the nerve is bniisetl or divided. 

Signs 

The clinical signs are very 'obvious : 

1. Anaesthesia over the thumb, index, middle and half the ring 
fingers on the anterior aspect, and over the terminal two phalanges 
of these fingers and the terminal phalinx of the thumb posteriorly. 

2. Paralysis and wasting of the muscles of the thenar eminence. 

3. Wasting of the pulp of the index and middle fingers. 

4. When the lesion occurs at or above the elbow-joint, all the muscles 



Flu. 134.— «ho«inQ ihunvb 

anU >n<lcx liiigrr. 

of the flexor aspect of the forearm, except the flexor carpi ulnaris and 
the neighbouring portion of the fle.Tor pcofundis muscle, are also affected 
(Fig. 134). 

TRE.4TME^■T 

When it is obvious that the nerve has been divided, end-to-end suture 
should be undertaken without delay, even when a considerable gap is 
present. It is possible to bring together tlie divided ends by flexion of 
the elbow and possibly also by flexion of the wrist-joint, although every 
effort must be made to avoid prolonged fixation of the ivrist m flexion on 
account of the fixed deformity which may follow on immobilization of 
the joint at this angle. The chief difficulty encountered in the operation 
is the provision of a suitable smooth scar-free bed in which the sutured 
nerN’e may lie and be jirotected from pressure and from subsequent 
fibrasis. At the wrist there are no muscle bellies available for this purpose, 
and attempts have been made to provide a suitable covering by using a 
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p«lunculated or free fat or fascial flap to cover the line of suture. These 
flaps unfortunately become themselves fibrotic and cause increased 
pressure on the nerve trunk, leaving only the tendons of the flexor muscles 
to act as a sheath. 

Prognosis 

After a successful suture of the median nerve, sensation, though 
never completely restored, is improved* while some power returns In 
the muscles of the thenar eminence. RTien sutured above the elbow- 
joint, recovery in the flexor muscles of the forearm averages about GO per 
cent of the normal power. 


Brachial Plexus 

Although the ple.xu3 is occasionally injured by a direct penetrating 
wound, its injuries arc more frequently indirect, through traction on 
the arm or through the pressure of growtlis or abnormal bone formations 
in its neighbourhood. The most common story of injury is that of a 
fall on the tip of the shoulder, the head being forced towards the other 
sioufder, the teat fesion of the plexus so prefaced being often aocom* 
patiied by a fracture of the clavicle or a dislocation of the shoulder. 
Occasionally the site of the injurj' to the cords of the plexus is foimd 
at a lower level when the dislocated bead of the humerus is pushed 
forward into the axillary space. Injuries of the nerves forming the 
plexus do not abra}'s occur at the same level, and may involve all or 
any part of its structure. Occasionally the lesion is confined solely 
to the anterior nen’e roots, producing paralysis without loss of sensation, 
but, as a rule, the posterior roots arc also involved, with a corresponding 
anaesthesia over the area of distribution. 

Signs 

The clinical signs produced by the injury naturally depend on the 
site of the lesion, and by a careful e.\aniinatiou this point can usually 
be mapped out accurately. Thus, the 5th and 6th cer%ncal nerves supply 
the shoulder girdle group of muscles, i.e., deltoid, spinati, teres minor, 
brachialts anticus, biceps and supinator longus. Paralysis of these 
muscles, described as the Erb Diiclienne syndrome, indicates a lesion 
of tbe 5th and Gth cervical nerves, but docs not indicate its exact site. 
This point can be more accurately defined liy examining the condition 
of the serratiis magnus and rhomboid mu«cles, wiiicli are also supplied 
by branches from these nerves close to the intervertebral foramina. 
If these two muscle.s arc also paralysed the injury must he internal to 
the point of origin of their nerve supply, suggesting a root lesion, for 
which no operative treatment is of benefit. If. however, these two 
muscles retain their activity, it is e%'ident that the injurj' lies external to 
the point of origin of their nerve supply, and operation is indicated if 
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improvement in the paralysed muscles is not observed after three months’ 
treatment by ph}'siotherapy. 

Lesions of the posterior roots of thwe two cerv-ical nerves produce 
anaesthesia over the outer aspect of the arm and forearm, the seventy 
of the injury to the posterior roots being judged by the extent of the 
anaesthesia.' Complete plexus injuries, in which all the five nerves form^ 
ing the plexus are tom from the cord, ate commonly caused by a fall 
on to the point of the shoulder. The accompanying paralysis of the 
muscles of the hand, forearm and arm b complete, and with this the 
action of the rhomboids and serratus magnus muscles is also lost. Antes- 
thesia is present over the whole limb, with the exception of a small 
area on the front of the shoulder and inner side of the arm which is 
supplied by descending cutaneous branches from the 3rd and 4th cervical 
nerv'es. 

Injury to tlie lower part of the plexus is commonly caused by traction 
on the arm above the head ; in this position the lower cords of the plexus 
are strained or tom, both types of lesion usually occurring close to the 
origin of the nerves from the cord. 

The syndrome produced by rupture of the Ist dorsal and 8th cervical 
nerves, which b known, as the Klumpke or lower arm type of plexus 
lesion, is characterized by paralysis and wasting of all the intrinsic muscles 
of the hand with paresb of the common flexor muscles. ^Vhen the 
injury is present close to the canal, the sympathetic fibres which run m 
the 1st dorsal trunk ate also involved, leading to a contraction of the 
pupil, drooping of the eyelid and dryness of the skin of the face on the 
same side. 

With root lesions there may or may not be cord involvement according 
to the site of injury. Thus, if the lesion is intrathecal, root signs, such 
as slight increase of the extensor type of response (Babinski), may be 
present, but occasionally these signs of cord involvement may come on 
later, due to the formation of adhesions. If, however, the injury has 
occurred extratbecally, no such alteration in the nerve reactions is to 
be expected. 

TnEATMENT 

The decision ns to the treatment which should be adopted rests 
solely on the localization of the site of injury. If a root lesion is present 
there is no justification for any form of operative interference, but if 
the signs indicate that the nerve trunks are tom distal to the origin of 
the nerve to the rhomboids, operation is indicated, especially in lesions 
of the upper segment of the plexus. 

Operation. Tlirough an inebion C inches in length, parallel with 
the posterior border of the stemo-maatoid muscle, the posterior triangle 
b expanded by retraction of the muscle anteriorly. The transverse 
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cervical artery and vein, which traverse the middle of the space, are 
identified and ligatured, after which the upper trunks of the plexus 
can be inspected by retracting the scalenus anticus miiscJe, Freeing 
of the nerves from adherent scar tissue or even end-to-end suture is 
usually practicable, although alwajre a difficult problem. If more room 
ts necessary in the operation field, it may be obtained by continuing tJie 
incision backwards along the line of the clavicle from its lower border 
for 3 or 4 inches. 

When the injury has involved the 8th cervical and 1st dorsal nerves 
alone, suture of the divided emJs is so diSicult as to render the operation 
inadvisable. Treatment must, under these circumstances, be confined to 
improvement in the tone and sire of the affected muscles by physio- 
therapy in the hope that the division is not complete and that regenera- 
tion of at least a part of the affected plexus may occur. 


Great Sciatic Nerve 

Although the great sciatic nerve may be injured by severe strains, 
producing intrathecal rupture of its constituent nerves, its injuries most 
commonly occur as complications of penetrating injuries or in association 
with fractures or dislocation of the hip-joint. A complete division of 
the nerve is followed by amesthesia of the whole of the limb below the 
knee, except for a etnp of skin on the mner aspect in front and behind 
the tibia. The foot is completely flail an<l usually remains in a position 
of etjuinus ; the limb is cold with a pale dry skin, which is readily injured 
unless protected from irritation. If a sore is allowed to develop in the 
ana?sthetic skin of the foot it may spread over a wide area, but more 
frequently it extends deeply into the sole of the foot, the so-called per- 
forating ulcer with its urdiealthy granulating edges. The ulceration 
may involve the aoft tissues only, or may extend down to produce osteo- 
myelitis of one or more of the metatarsal bones, a complication which 
may eventually necessitate amputation of the limb. The anterior tibial 
nerve may be injured alone, either in the thigh tlirough a penetrating 
wound, or in the region of the neck of the fibula by direct violence or 
as a complication of a fracture in this region. The injury is followed by 
paralysis of all the extensor muscles of the leg and foot, and by the 
appearance of an area of complete anaesthesia of the skin over the dorsum 
of the foot at the base of the Ist and 2nd toes (Figs. 135a and 1336). 

Tbeatmest 

Suture or freeing of the injnred sciatic nerve is carried out through 
an incision over ita course. On account of its sire the nerve is found 
easily, and, as a rule, if completely divided, the ends are brought together 
without difficulty when the hip is extended and the knee flexed. In 
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the case of a large gap whidi cannot he closed by this raanccuvre, the 
two-stage suturing— alread}’ described— is employed witli advantage. 
Difficulty is often experienced in approaching an injur}' to the great 
sciatic nerve close to its point of emergence from the pelvis. Two 
methods of approach may be adopted ; the first by splitting the fibres of 
the gluteus masimus muscle, pemutting a view of the nerve close to 
the pelvis but preventing a full inspection of its course downwards. 
The second and more efficient approach is gained by a temporal}' detach- 
ment of the tendon of insertion of the glnteus maxiraus muscle from the 
femur. After completing the operation on the ners'e the tendon can 
be reattached without fear of any subsequent loss of power. 



When the nerve lias been identified in the thigh it may be evident 
that the injui}’ involves only one portion of the trunk, while the other 
segment remains uninjured, TJiese two portions, internal and external 
popliteal, emerge separately from the pelvis and develop a common 
sheath but never form a single ner\'e mass. For this reason it is often 
possible to separate the injured from the uninjured portion of the nerve — 
a procedure which is not possible in injury to any other nerve. 

In the case of injury to the external popliteal at the level of the neck 
of the fibula, the only difficulty consists in the provision of a new bed 
free from the risks of subsequent adhesions. This can usually he pro- 
vided hy the use of a pedunculated muscle flap turned up from the outer 
head of the gastrocnemius. 
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If it is evident that rest^ratioh of the function of the sciatic nerve is 
impossible the question of amputation of the limb is frequently raised. 
Even complete and permanent loss of the sciatic nerve does not necessitate 
amputation of the limb unless other severe deformities or septic infections 
are present. Many of the men who sustained such injuries in the 1914-18 
war are still working and using the Umb freely with support, as a result 
of the persistent care and attention paid to the foot. The skin must be 
washed carefully every day, dried, and rubbed with methylated spirit, 
special care being taken of the shoes and socks, and if these points ate 
carefully watched ulcers and other complications can be avoided. 
Prognosis 

The prognosis for recovery of function after suture of the great 
sciatic nerve is, on the whole, bad. This is especially true in regard 
to the internal popliteal nerve, whilst recovery after suture of the external 
popliteal division does not, os a rule, exceed CO per cent of the normal 
function. 

The general impression of hopelessness in regard to the return of 
function after suture of this nerve is largely the result of war surgery, 
where such injuries are always comphcatM by severe tearing of the 
surrounding tissues and an almost inevitable superaddcd infection. Soth 
of these factors tend to prevent a restoration of function, but, in the 
case of a simple cut of the scnatic nerve free from infection, the prognosis 
need not be looked on as unfavourable. 



CHAPTER XX 


/AFFECTIONS OF 5IUSCLES AND TENDONS 
TENDON RVPTURE 

Any tendon may be strained ot tom as a result of excessive tension, 
but, as a rule, these injuries occur only at certain areas in which the 
tendons ate subjected to abnormal stress, especially where they lie and 
act in a bony groove. The most common tendon and muscle tendon 
injuries are so constant in their occurrence that they can be <lescribed 
under the following headings. 


TENNIS ELBOW 

Fain and tenderness in the region of the radio-humeral joint is often 
caused by prolonged and vigorous u.se of the extensor muscles of the 
hand and forearm at any occupation, or from any kind of exercise, but 
this disability is so frequently found in tennis players that it has been 
given the title of “ tennis elbow.” The pain and tenderness are not 
always situated in exactly the same area, but are usually complained 
of over the back of the external epicondyW of the bmnerus, the posterior 
aspect of the radio-humeral joint, or in the region of the head or neck 
of the radius. Although the tenderness is present over the extensor 
muscles, it would appear that only the extensors of the wist-joint are 
involved in the strain. Thus, when the 'vrist is fixed the fingers can be 
’extended against pressure without causing pain, whilst dorsifiexion of 
the TOst agaimst pressure causes immediate discomfort. No bony 
abnormality can be demonstrated, and passive movements are painless 
through almost the whole of the normal range. 

Theories as to Cause 

1, Strain of the Extensor Mttsde Tendon Junction. This obvious 
explanation would teem to account for the disability m the majority 
of cases. As a result of excessive use a tear has occurred in the extensor 
muscles and in the muscle tendon junction. Hainiorrhage at the site 
of strain has been followed by the formation of adhesions which, when 
pulled on, cause pain locally and down the course of the affected muscles. 

2. Bursal Development under the Common Extensor Tendon of Oriffin. 
This e.Tplanation of the cause of the disability has been advanced by 
Osgood, who states that its presence was proved in his own case where 

p.o.8. 921 X 
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removal of the buraa was followed by complete relief. Most stirgeons 
have been unable to find this bursa in “tennis elbow,” even after the 
most careful dissection. 

3. liedujjlicaCion oj the Spioviaf Monlmmc of the liadio-llumeral 
Joint ami Subluxalion of the Head tf the Radius liave also been suggested 
as possible ejqilanations of the cause of the disability, and it is probable 
from the variations in the site of tenderness that no single explanation 
can be advanced to cover all possible causes. 

Treatment 

A\'ben the disability is comp.sratively slight some relief can be 
obtained by the use of a band of strapping applied tightly round the 
forearm, just below the site of tenderness. \V'ith this support the patient 
can usually carry on and use the muscles freely, and with comparatively 
little discomfort. 

Relief can also be obtamed by immobilizing the wrist m slight 
dorsifle-xioii. In this position the fingers can be used freelj’, and nitli 
prolonged fixation permanent relief may occasionally be ohtauied. 
Unfortunately this period of fixation must extend over many months, 
and permanent relief does not alwap follow its use. Deep massage 
of the tender area, employed either alone or combined >vith rest of the 
wrist on a splint, leatb to a diminution of the tenderness and occasionally 
to A disappearance of all symptoms. 

Manipulation. If the disability is of long standing, and the simple 
measures already mentioned have failed to improve the condition, mani- 
pulation offers the best prospects of cure. Tlie object of the manipulation 
is to break down the adhesions which have formed in the area of strain 
in the common extensor origin, or in the region of the head of the radius. 
The manipulation should al^vap lie carried out imder anicsthesia ; 
without complete muscular relaxation the resistance of the patient 
prevents complete correction. 

The manipulation is completed in stages ; the wrist is first fully 
palmar flexed mth the forearm in extreme proiiation (Fig. 13G). In 
tins position the patient, if not under anasthesia, liolds the elbow bent 
to relieve the strain. ^^^uIst the wnst and hand are held in this position, 
the elbow is forced into full extension, this movement usually being 
accompanied by a definite sensation of a click or tear. The elbow i.s 
then moved laterally wth the joint slightly flexed, in order to complete 
the manipulation. 

After-treatment consists in free use of the hand, carrying out esjie- 
cially those movements ivliich previously caused the pain, massage 
being given during the first few days with the object of relie\nng tenilerness 
and increasing power. 
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Fio. 13fl. — Manipulation for Tennl* Eli>ow 

Operation. If manipulation faih and pain and tenderness remain, 
cure is almost certain following open operation. Through a short incision 
over the external condyle of the humerus, the common extensor muscular 
origin is raised from its bony attachment by a sharp elevator No 
sutures are used for reattachment of the muscle, and after removal of 
the skin stitches the patient is advised to use the hand and arm 
normally. 


ruptuhe of the commoe extensor tendox of 

A FINGER 

This is probably the most common example of tendon rupture, and 
results from forced flexion of the terminal joint whilst the extensor 
tendon is voluntarily contracted. The injury is usually sustained while 
the housewife is smoothing the sheet ou a bed, or when the cricketer 
or footballer catches a ball on the tip of the finger. After the injurj’ 
the terminal joint of the finger remains in acute flexion. Volontarj’ 
power of extension is lost, little or no swelling is present, and the radio- 
graph may, or may not, show a small bony flake tom from the dorsum 
of the base of the terminal phalanx. 
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Tkeatment 

In tlie absence of a bony injury open suture of the divided tendon 
lias been found to be unsatisfactory; the frayed tendon cannot be 
sutured to the periosteunr or bone, and failure is to be expected. 

As a rule, the function of the finger can be restored by fixation of the 
joint in sliglit hj'perexfcnsion for a pcriotl of 4-8 weeks until the 
ruptured tendon has reunited. The fixation should be confined to the 
terminal joint, free movement l>eing allowed at the rnetacarpoplialangeal 
and pro,ximal joints. The possibility of recovery by this means depends 
largely on the length of time which has elapsed between the injury and 
the commencement of treatment. If started immediately after the 
accident a restoration of function is to be expected, but the chances of 
recovery are reduced with each daj'’8 delay. 


RUPTURE OF THE EXTENSOR LONGUS POLUCIS 
TENDON 

This long delicate tendon, which passes in a bony groove obliquely 
across the back of the lower end of the radius, is frequently tom as a 
complication of fracture in the neighbourhood of the imst>joint, or 
rupture may occur in the absence of any severe injiuy in patients over 
40 years of age, in whom extensive osteoarthritic changes are present. 
The roughening of the cartilage-lined bony groove in the radius is 
sufficient to cause a gradual fraying, and finally a complete rupture of 
this delicate tendon. 

Siorrs 

Inability to extend the terimnal phalanx of the thumb, combined 
with some tenderness on pressure over the site of injury in the bony 
groove on the radius. 

Treatmdst 

Restoration of function is only possible by open operation. 

Operation. Through a 3-incb incision ow the course of the tendon, 
the two ends are identified, and If possible are brought together anti 
sutured with catgut. If easy approximation is impossible, or if the 
widespread frajing of the tendon renders n successful suture improbable, 
the proximal end of the distal segment Khoulil he implanted into tlie 
tendon of the e.xtensor carpi radialis longer or bresior, which lie just 
below the site of injury. Fixation of the thumb follotving the operation 
permits union of the tendon, and full activity can then be restored by 
active use. 
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TRIGGER FINGER 

The disability to which this description has been given may affect 
any of the fingers or the tliumb. The patient states that when bending 
the finger it becomes stuck in a position of semi-flexion, and then on 
further effort the movement is completed suddenly Nvith a jerk. Mlien 
fully flexed there may be equal difficulty in straightening the finger, 
and occasionally Jockmg may continue for days, or even weeks, m spite 
of the patient’s mtat strenuous efforts. 

Causes 

The condition i.s usually the result of trauma, but occasionally in 
children a similar disability is present as a definite congenital deformity. 
Jlechanically the action of the flexor tendon may be interfered with by 
enlargement of the tendon itself, or by contraction of its fibrous sheath, 
either of which may be prodnceil by severe localized trauma. 

SlQKS 

AVith palpation of the palmar aspect of the affected finger a hard lump 
can be felt moving in the region of the mctacorpophalangeal joint ; as 
flexion is completed this lump can be felt to jump suddenly from the base 
of the phalanx into the palmar region. 

Treatiient 

No form of physiotherapy can have any effect on the enlarged tendon. 
The area of obstruction should be approached through an anterior 
incision, and the tendon sheath divided for a distance of 1 inch, the 
sheath being left open without suturing. The removal of part of the 
centre of the enlarged tendon through a lateral incision, leaving the 
sheath in its original condition, is a much less rehablc procedure, as a 
re-formation of the enlargement usually follows. 

RUPTURE OF THE TENDO ACHILLIS 

This injury rarely occurs in patients under 40 years of age, and is 
seen most commonly in men who have been athletic with well-developed 
muscles, which have degenerated somewhat through want of use. The 
rupture usually involves the narrowest part of the tendon about li inches 
above its insertion into the os calcis, and although usually complete it 
is never clear-cut, the two ends being ragged to an extreme degree. 
The upper end retracts, leaving n gap filled with blood clot rntbln an 
unbroken tendon sheath. The plantaris tendon, although delicate in 
comparison with the tendo achHlis, has never been found at operation 
to be involved in the rupture. 
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Symptoms and Sicns 

These are quite definite — a sudden acute paiji in the lower part of 
the calf, followed by a temporaiy feeling of uselessness of the leg. The 
pain ^aduallj disappears and the patient can walk, but the power of 
standing on tiptoe is lost and a definite gap can be felt in the continuity 
of the tendo achillis. 

Treatment 

Palliative treatment consists m raising the heel of the shoe, thereby 
relieving the strain on the calf muscles and the divided tendon. By 
this'means walking is inipro\’ed, hut the continuity of the dtridwl tendon 
can be restored only by open operation and suture of its separated 
fragments. 

Operation. With the knee bent to an angle of 90 degrees, a 6-inch 
vertical incision is made througli the skin on the outer aspect of the 
tendo achilhs ; the skm is reflected and the sheath opened. The upper 
and lower portions of the tendon arc then identified and brought as 
closely together as possible, the foot being kept at right angles during 
the whole operation. If the rupture has occurred recently it may be 
possible to suture the ends together firmly with kangaroo tendon, or 
with chromio gut, but if complete, approximation cannot be secured ; 
two lateral tendinous flaps from the upper segment should be turned 
down and sutured through the lower segment. The operation is com- 
pleted by suture of the sheath and skin, after which the foot is fixed 
at right angles in a plaster-of-Paris case for 6-8 week's. Walking may 
then be permitted and voluntarj' e.xercisc8 encouraged with every 
prospect of complete restoration of function. 


RUPTURE OF THE PLANTARIS MUSCLE 

Rupture of the plantaris muscle has for long been considered a.s the 
exjilanation of the suilden acute pain in the calf of the leg. which occa- 
sionally occurs during active exercise. The diagnosis has lieen made 
from the localization of pain, and because of the coinparutive weakness 
of this muscle. It is probalde, however, that the plantaris muscle is 
never torn under such circumstances, and that the injury consists in 
a tearing of muscular fibres at the junction of the two heads of the 
gastrocnemius muscle. 

Signs anh Symptoms 

Tenderness on pressure over the middle of the calf, and pain on 
passive dorsifiexioii of the foot, or on attempting to stand on tiptoe. 
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Tbeatjient 

Recumbency is not neccssaiy in the treatment of this injury, and 
the patient may be allowed to cany on his ordinarj’ duties. Relief of 
tension on the tom muscle fibres is obtained by raising the heel of the 
shoe at least three-quarters of an inch ; this increase of the height of 
the heel is continued for 3-4 weeks, after which it is slowly reduced to 
normal. Improvement in the local condition can also be obtained by 
deep massage of the tender area, and by phicing a firm pad, held by 
circular strapping, over the site of tenderness. The pain and disability 
usually disappear in &-8 weeks, but recurrence of the injurj' is com- 
paratively common. 


RUPTURE OF THE LIGAMBNTUM PATELLJE 

This comparatively rare injury may V>e smtained by an elderly 
patient undertaking severe and unaccustomed exercise, but occurs more 
often as a result of forced flexion of the knee under ansesthesia when a 
manipulation of the joint has been undertaken with the object of breaking 
down adhesions. The accident is likely to occur if the patella js wholly 
or partly adherent to the femur. If the adhesions are sufficiently firm 
the attempt at increasing movement may result in rupture of the 
ligament, the injury occuning close to its attacliment to the lower 
border of the patella. 

Signs and Symptois 

As a result of the rupture the power of active extension of the joint 
is lost, the patella, if movable, bes considerably higher than normal 
and a definite gap can be felt between the head of the tibia and the 
patella. 

Treatment 

Suture of the divided ligament should be carried out as soon as 
possible. If the operation is performed directly after the injury, overlap 
of the tendon and suturing >vith kangaroo tendon or chromic gut produces 
an excellent result. If a considerable interval has elapsed before the 
operation i-s undertaken, approwmation may only he possible when the 
quadriceps tendon has been lengthened and the patella has been pulled 
down to a lower level. To secure this lengtbenmg, the central tendinous 
portion of the quailriceps is defined and partially separated from the 
vastus intemus and externus muscle. The tendon js now cut through 
half its substance on either side, the interval between the cuts being 
3 inches. Stretching, or more preferably vertical division of the central 
jiortion, will then permit the elongation that is desired. ^Vitbout elonga- 
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tion of the quadriceps the gap in the patellar tendon may be closed by a 
large flap of fascia lata taken from the same thigh, but this method has 
the disadvantage that in time, as a result of continued use, the trans- 
planted fascia tends to stretch, leading to a recurrence of weakness and 
loss of extension of the joint. 

After-Treatment. The patient is allowed to walk about after 
3 weeks, the knee being Immobilized to prevent strain on the sutured 
tendon. Active movements of the joint without body-weight, accom- 
panied by massage of the thigh muscles, lead to a rapid retimn of the 
full range of movement. 


RUPTURE OF THE QUADRICEPS FEMORIS 

As a result of excessive voluntary effort, or through forced passive 
movement of a rigid knee-joint, the quadriceps fcmoris tendon may be 
torn close to its insertion into the upper border of the patella. Occa- 
sionally a tluQ flake of bone is torn off with the tendon, the clinical 
sigiw m either case being almost identical. The power of voluntary 
extension of the knee is lost, while a distinct gap can be felt above the 
patella. 

Treatment 

Conservative. The continuity of the tendon can be restored by 
flxation of the knee in extension for a period of 8-12 w’eeks. The gap 
between the tendon and its site of insertion becomes Med ^vlth strung 
fibrous tissue, through which the power of voluntary extension of the 
leg is restored. 

Operative. If the injury js comparatively recent, suture of the tom 
tendon, or of the displaced fragment of patella, to its normal situation, 
lessens the period of inc.aj»3city, and rapidly restores function to the 
joint. After the operation the tendon is protected by rest in the 
extended position for 4 weeks, when active use and movements are 
allowed. The range of flexion may be limited for some weeks, but full 
movements are restored by exercise and physiotherapy. 


RUPTURE OF THE RECTUS FEMORIS 

This common injury results most frequently from a imskick at 
football. The rectus feiuoris muscle belly is pulled from its lower 
tendinous attachment and retracts upwards towanLs the hip. On active 
contraction the muscle appears as a large hard swelling, slightly aljove 
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the middle of the thigh, with a 
depression in the middle line 
between it and the upper border 
of the patella (Fig. 137). 

Tre.\tme.nt 

The final functioual result 
i.s altered verj' slightly by anj- 
form of treatment. Exercises 
and massage of the injured 
quadriceps rapidl}' restores func- 
tional activity, and although 
the abnormal muscle mass 
remains visible full strength 
returns quickly. Occasionally, 
it may be considered ad\n3able 
to attempt to restore the 
normal appearance by operation. 

Operation. If the condition 
is discovered soon after the 
accident the muscle may, with 
considerable difficulty, bo sewn 
to its tendon of insertion. If 
the opecatiou is successful and 
the suture line remains firm, 
the appearance of the limb is improved, but the function following 
the operation is very little better than that following conservative 
treatment. 



Fic. 137 — I’hotogroph ahouing rupture of 
ItrrtuB Fmons. 


ItUVTVRE OF THE TENDON OF THE LONG HEAD OF 
THE BICBVS 

This and Rupture of the Supraspimius Tendon have abeady been 
dealt wth in Chapter V among the Injuries to the Shoulder-joint. 

TENO-SYNOrmS 

Inflammation of the synovial membrane lining a tendon and its 
sheath is of common occurrence following persistent over-use. The 
condition may he diagnosed by the local swelling along the line of the 
tendon sheath, by pain on active use, while in the more chronic type 
fine crepitus over the course of the tendon can be appreciated by 
palpation. 
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Sites 

Altliougli any tendon which is surronncied by a slieath may be 
affected in this way, there are certain tendons which are pecuharly 
liable to injury from over use. This is particularly so in the long e.Ttensor 
tendons of the thumb which work in bony tunnels. Normally these 
delicate tendons are subject to considerable strain ; tins is very greatly 
increased in those individuals whose work involves constantly repeated 
movements of flexion and extension of the thumb, such as bricklayers, 
machine-tool workers or packers, and in them the condition is found 
with comparative frequency. 

Treatmckt 

In the acute stage rest on a suitably designed splint is usually suffi- 
cient to cure the condition in 3-4 weeks, but in the more chronic type, 
where long-continued inflammatory changes liave resulted in tliickening 
of the synovial lining, the period of treatment may be considerably 
lengthened. 

Cohen and Reid have shown that, in some instances, resistant and 
recurrent tcno-synovitis is associated with the presence of oxaluiia, and 
that successful treatment of this condition must precede the disappearance 
of the signs of teno-s}*novitis. 


CHRONIC INFECTIVE TENOSYNOVITIS 

This condition is seen m its most obvious form in connection with 
the flexor tendons in the region of the wnst-joint, where it is known as 
compound palmar ganglion. Here, the common synovial sheath is 
affected by thickenmg and swelling, which becomes apparent as con- 
nected collections above and below the annular ligament. The sheath 
is infiltrated irith fibrous tissue, its smooth sliitiy surface being lost by 
the development of areas of ulceration. Multiple small rounded melon- 
seed bodies are present in its cavity, and voluntary moveroenta of the 
fingers are accompanied by creaking and grating, winch can be detected 
on palpation. 

The cause of the mfectiou in at least 90 per cent is tlie tubercle 
bacillus, although it is often impossible to demonstrate the organism 
except on guinea-pig inoculation. The rliscase may remain m a chronic 
stage for many months, but, if untreated, the infection usually spreads 
to involve the imderl^'ing bones, or to break through the skin to form 
persbtent sinuses. 

Tbeatmekt 

Prolonged immobilization of the wrist, hand anil fingers should alw ays 
be employed as soon as the diagnosis has been made. Resolution of the 
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swelling often results, and in some instances the normal function is 
restored without an}* further treatment. 

If swelling persists, or increases in spite of immobilization, an attempt 
should be made to remove as much as possible of the infected tissue. 
Theoretically it is neccssar}’ to remove every portion of the sjuiovia 
from the sheath and from the aurface of the tendons themselves. This 
can be done through a vertical incision in which the annular ligament 
is divided and the lining removed. The functional result of this operation 
is usually bad, the tendons becoming involved in a dense mass of scar 
tissue. 

Very considerable improvement, and in many cases cure, can be 
obtain^ by a less extensive operation. In this procedure, two small 
openings are made through the skin into the synodal sac, one above 
and one below the anniilar ligament. Through these is passed a gauze 
pack, wliich is pulled backwards and fonranls many times, and then 
removed. By thiff means all the melon-seed bodies, and at least part 
of the synovial membrane, are remove<l, leaving a hand which has a 
useful range of function. 


DISLOCATION OF TENDONS 

Any tendon, which normally tuns tn a bony groove, may on occasion 
become dislocated from its bed, but the displacement occurs most 
commonly in the following situations. 

Peroneal Tendons 

Slipping of one or both peroneal tendons from the groove behind 
the lower end of the fibula is a comparatively common disability, and 
follows usually on some excessive muscular elTort, during which the 
peroneal tendons have pulled away the attachment of the annular 
ligament, which normally bolds them in position. The displacement 
may occur only on a single occasion, but recurrence is very common. 
Each time the foot is dorsiflcxed, more especially if eversion is com- 
bined with the dorsiflexion, the tendons slip round tlie outer aspect of 
the fibula. Pain is present at the site of the displacement, and replace- 
ment of the tendons into their normal groove, which occurs with plantar 
flexion, is accompanied by a distinct click. 

Treatmeot 

After the first displacement, the tendoms, if still out of their normal 
position, should be replaced by plantar flexion of the foot, and an attempt 
should be made to restore the tom annular ligament by furation of the 
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foot in slight plantar flexion and mversion for 2-3 weeks. If the tIU- 
placement has occurred repeatedly, open operation holds out the only 
prospect of cure. 

Operation. The tendons ate Identiticd through a curved incision 
over the outer and posterior aspect of the fibula. A vertical incision 
is made through the periosteum over the anterior edge of the fibula, 
and by means of a chisel the outer layer of the fibula is raised with the 
periosteum as an ostcopericsteal flap, and turned back on the unbroken 
hinge at its posterior ma^in (Fig. 138). This osteoperiosteal flap— 
2 inches in width — is then sutured over the peroneal tendons on to the 
outer aspect of the astragalus, thereby increasing the depth of the 
peroneal groove. 



Failure of the operation results from the too-early contractions of 
the peroneal muscles, which tear away the transferred flap. This failure 
can best be prevented by passing a chromic catgut suture through the 
raised flap, and through each of the peroneal tendons. Contraction of 
the muscles is prevented until the catgut has been absorbed in 20-30 dara, 
a period which is usually sufiident to allow the protective flap to become 
hrmly adherent. After the operation the foot is fixed in a plaster case 
in slight plantar flexion for at least 4 weeks, when acti\'e use may safe/y 
be permitted. 

Snapping Hip 

Under certain circumstances a thick muscular and tendinous mass 
sbps across the outer Bide of the great trochanter on each voluntary 
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flejdon and extension of the hip-joint. The movement is especially* 
noticeable in thin patients, and may on occasion be accompanied by an 
audible snap. As a rule, the slipping is not accompanied by pain or 
disability, but when present in a very nervou.s patient it may give rise 
to considerable anxiety. When the mowments of flexion and extension 
of the joint arc carried out passively, no definite slipping can be detected, 
while the extent of the slipping and the so-called click can be greatly 
exaggerated if active flexion and extension of the joint are carried out 
with the hip in a position of adduction. 

The cause of the slipping, os demonstrated by Wood Jones, is the 
presence of a thick tendinous band on the deep aspect of the gluteus 
muscles, and only in those patients in whom the condition L? giving nse 
to mental or physical disability is treatment advisable. 

Operation. The anterior border of the gluteus maximus is defined 
and the tendinous band identified throngh a vertical incision above and 
behind the great trochanter. It is usually sufficient to diride this band, 
but, in addition, in order to make a recurrence impossible, tbe divided 
band should be sutured back on itself behind the trochanter. 

CUcWinft Hip 

Another type of snapping or clicking hip is frequently encountered 
in athletes. Here a definite sharp click in the region of the joint occurs 
when the thigh is actively straightened through the last 25 degrees. 
The explanation of the click is doubtful ; it has been suggested that it 
is caused by a lateral slip of the ilio-psoas tendon over the front of tbe 
hip-joint, but it more probably results from laxity of the cotyloid liga- 
ment. It seldom causes any disabihty or pain, although occasionally 
slight tenderness of the joint may be present, especially in yoimg women. 

Tbeatjieint 

Fixation of the hip and thigh in a plaster-of-Paris spica for a period 
of 8 weeks is usually sufficient to relieve the tenderness, althongh, as a 
rule, the clicking does not entirely disappear. 


Slipping of the Semitendinosus 
Normally the tendon of the semitendinosus muscle is held in position 
behind the internal condyle of the femur by its sheath of deep fascia. 
If, as a result of excessive muscular effort, this retaining sheath is tom, 
the tendon may then become diqilaced each time the knee is fully 
extended. 

In a position of flexion the tendon lies in its normal position behind 
tbe condyle, but when the joint is extended it sbps round the inner 
border and lies in front of tbe adductor tubercle. The slipping is usually 
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flccompamed by a definite click and a feeling of pain or tomporarj* 
uselessneas in the leg. 

Duonosis 

The symptoms are quite definite — ^the patient states that he feels 
something slipping at the inner side of the joint erery time the knee is 
bent or straightened. A mistaken diagnosis of internal deiaugement of 
the joint may be made, unle^ the surgeon palpates the joint during these 
movements, when the recurrent displacement is easily appreciated. 
The absence of sjTiovitia following the clicking confirms the diagnosis. 

Treat»iekt 

Any attempt at suturing the tendon into its normal position is certain 
to fail. All that is necessary la a simple division of the tendon, the 
subsequent loss of strength being so slight ns to be unrecognizable. 

Slipping of the Biceps Tendon 

Occasionally, when tlie biceps femons tendon is inserted into the 
neck of the fibula rather loner than normal, slipping of the tendon over 
the underlying bead of the fibula may cause pain and a feeling of 
insecurity. This slipping can only be recognized when tlie joint is 
palpated during active flexion and extension. If this method of examina- 
tion is not earned out, this condition also may be confused witii an internal 
derangement of the joint. 

Treatment 

Through an incision over the posterior margin of the lower part of 
the biceps, its attachment to the neck of the fibula is defined. The 
external popliteal nerve is retractwl, the bead of the fibula i.s roughened, 
and the tendon of the biceps — which has also been roughened — is sutured 
to it by deep stitches which pass through the bone and the tendon. 
Fixation m extension for 3 weeks, followed by active uie, restores the 
full range of painless movements aitliout disability. 
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CONGENITAL DISLOCATION OP THE HIP AND OTHER 
CONGENITAL DISLOCATIONS 

COmENITAL BISWCATW^ OF THE HIP 

Complete, or partial dislocation of the hip-joint, is found comparatively 
frequently at hirth, while a similar congenital malposition of any other 
joiilt occurs only on very rare occasions. Female children are affected 
much more commonly than niales, the percentage being 80-85 per cent 
females as compared witli 15-20 per cent males. The displacement 
occurs slightly more frequently as a unilateral than as a bilateral 
deformity, the proportions being 55 per cent of the unilateral type to 
45 per cent in which the dislocation is found on both sides. 

Causes of the Dislocation 

JIan}’ ingenious suggestions have been advanced in an effort to 
explain the occurrence of the dislocation, but no really satisfactory 
explanation has yet been given and, in our desire to understand its 
production, we are reduced to the statements that : 

1. Congenital deformities occur more commonly in females than in 
males. 

2. In congenital dislocation of the hip there is an absence of growth 
of the acetabulum, particularly of its posterior superior margin. 

3. 'Whether this absence of growth is primary or secondary cannot 
be proved. 

4. The displacement may be caused by the too-prolonged intra-uterine 
fixation of the thigh in a position of acute flexion and adduction, causing 
abnormal pressure on the acetabular margin. 

A familial predisposition to congenital deformity b indicated by the 
fact that, in 5-10 pet cent of the cases investigated, there is a history 
of some similar congenital abnormality being present in one of the 
parents, or in their immediate connections. 

At birth the dblocation may be either complete or partial, instances 
of both types having been found in new-bom infants. M'Tien complete, 
the head of the femur lies above the level of the upper border of the 
acetabulum, whilst a partial displacement is indicated by the presence 
of the femoral bead on the upper acetabular rim, a condition which b 
descrilied as an incomplete Aslocation or subluxation (Fig. 139). In 
this displacement not only is the head of the femur pressing against the 
upper bottler of the acetabulum, but it is abo considerably larger than 
normal. It is doubtful whether a congenital subluxation is ever changed 
W5 ‘ 
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bj weigbt-bearing into a true disloca' 
tion, but definite slow raising of the 
site of the fal^e acetabulum can be 
shown to occur. 

Anatomy 

In the presence of a dislocation, or 
a subluxation, the joint structures 
vatj considerably from the normal, 
the extent of the changes depending 
largely on the age of the patient, and 
On the amount of weight-bearing to 
which the joint has been subjected. 
It is obvnous that a knowledge of 
these alterations is essential for the 
successful treatment of the deformity. 

Defore Walking. The Aceta- 
Indtim. The acetabulum, wliich is 
covered by healthy articular cartilage, 
may be almost normal m size, shape 
and depth, but, as a rule, it is shallow 
and occasionally has an ovoid or triangular outline. 

The Capsvlc. This is stretched to accommodate the displaced head 
of the femur, but otherwise it is normal in structure and is not con- 
stricted 10 any portion. 

Head 0 / the Femur. The head of the femur always lies at a higher 
level than normal ; it may be placed directly above tbe centre of the 
acetabulum, but more frequently lie.s slightly behind this line The 
outline of its articular surface is usually noriJial, but occasionally it is 
somewhat flattened on one side, or may «how a general muahroom 
deformity of its wliole surface. The ossification of the upper femoral 
epiphysis on the affected side is sliown by the radiograph to be con- 
siderably delayed as compared with the normal (Fig. 140). 

After Walking. When the child begins to walk considerable altera- 
tion occurs in all the tissues, both bony, cartilaginous and ligamentous, 
and these changes progress mpidly with use of the joint. 

The Capsule. In response to strain tlic capsule becomes stronger 
ifiiii' AUif-UftWRil au its .ipjTuw where Jt 

supports the head of the femur Giving to the continual pressure 
between the head of tlie femur and the outer surface of tlie ilium, the 
portion of capsule separating these two bones becomes firmly adherent 
to the ilium. At first the wide funnel of capsule, extending between 
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the acetabulum and femur, is nnconstrictcd, but later, as a result of the 
continued pressure of the ilio-psoas tendon, this area shoiv-s a definite 
thiclceniiig and narro\\’ing of its lumen. 

The Acetabulum. The aeetnbuhim graduallr becomes filled with 
fibrous and fatty tissue, whilst its contour is considerably modified, the 
normal cup-lihe cavity becoming altered into a triangular-shaped de- 
pression with the apex of the triangle at the posterior superior margin. 
The articular cartilage lose.s its shiny smooth surface, becoming fibrillated 
and dull in appearance. Later, as a result of continued pressure of the 



dislocated head of the femur on the outer aspect of the ilium, a secondary 
false acetabulum is formed, in w'hicli the displaced femoral head attains 
a certain amount of stability. 

The lA^amenlmn Teres. The ligamentum teres is gradually stretched 
and becomes thin and strap-like, although it is never entirely lost, even 
in elderly patients. 

Head of the Femur. The head of the femur, lying alwaj's at a higher 
level than normal, may be .situated directly above the acetabulum, liut 
more commonly lies in a position above and behind the socket. This — 
the usual t}pe of dislocation — ^Ls described as a postenor displacement, 
in contrast with the rare anterior dislocation, in which the head lies 
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above and in front of tlie acetabulum. The contour of the head gradually 
changes, the side wluch lies against the iJinm becoming flattened, while 
occasionally the whole head may assume a mushroom appearance in 
response to pressure between the side of the ilium and the apex of the 
articular surface of the femur. 

Aiileversion of Uie Neel of the Fewur. At birth in a nornml hip-joint, 
the neck of the femur inclines forwards from the plane of the shaft, this 
angle between the two segments being, as a rule, about 35 degrees. 
Under normal stress of Ugamentojis pressure the amount of this ante- 
version is gradnall)’ reduced to 10 or 15 degrees. In the presence of 
congenital dislocation of the hip-joint this nor/jial Jjgamentoiis pressure 
is not effective, so that the original angle of inclination is left unaltered, 
or may be increased to 60 or even 90 jlegrces. 

The Pelvi$. Secondary changes in the pelvis soon appear. In the 
unilateral dislocation the affected side of the pehis is smaller and more 
vertical. In bilateral dislocation l>othi»elvic bones take up a more vertical 
position than normal, so that the inferior pelvic opening becomes widened 
and the pelvic crests appro.ximnte(l. With the common posterior dis- 
placement of the femoral liead there is a tendency for tlie sacrum to 
tilt forwards and downwards at its anterior border, inth the result that 
the whole bone assumes a more horizontal position. AVhen the dis* 
placement of the head of the femur is nnterior, this secondarj' tilting 
of the sacrum aud of the pehne ca\nty does not occur. 

Muscles. On account of the displacement of the head of tlie femur 
the gluteal and rotator groups of muscles are stretched and somewhat 
atropliied, while the long thigh muscles, especially the adductor group, 
are shortened, to correspond inth the approximation of their onguis 
and insertions. 

Spine. In the presence of a unilateral dislocation of the hip tlie 
pelvic obliquity, which follows on the shortening of one leg, lends to a 
lateral desnation of the lumbar spine, combined in mast instances with 
a slight increase in the normal lordosis (Figs. 14In and 1415). With 
a bilateral dislocation, especially when the head of the femur lies behind 
the acetabuhim, the lordosis is very greatly meteased, whilst the lateral 
deviation is absent. This exaggeration of the normal lumbar curve is 
the result of the alteration m the line of weight-bearing. Normally, 
this line passes through the centre of the acetabulum , wlicn tlie sup- 
porting pillar of the femur is displaced backwards it naturally follows 
that tlie weight of the trunk passes on equal distance in front of the 
acetabulum, thus the e.xtent of the increase in the lonlosis is in direct 
proportion to the amount of posterior displacement of the head of the 
femur. If, however, the dislocation of the hip is anterior, tins exagger- 
ation of the lumbar cuiv’c is entirely alisent. In fact. «ith a <loublc 



CONGENITAL DISLOCATION OF THE HIP 


339 



<«) m 

Fio. 141. — CongmitA) Dulocstioo of Ibe ITip. 

(d) Unmiuroil, »lto«mg ionlohn. 

(6) Reiluml, Ahowing normal lumUr curve. 

anterior displacement of tlie femoral head the normal lumbar lordoris is 
conridernbly dimini'jhed, or may entirely disappear. 

Signs and Symptoms 

Very occasionally the peculiar widening of the perineum, or the 
shortening of one leg, may draw the patents’ attention to the dislocation 
before the child begins to walk, but, ns a nile, the child appears to be 
normal in every way up to the age of one j'ear. Suspicions of the 
presence of some abnormality may then be arouseil by the fact that the 
child makes no effort to stand as soon as other children, and when 
walking begins — usually 3 or 4 months later — the distinctive single or 
double limp, which is so characteristic of the deformity, draws attention 
to the condition. 

CompUints of pain or discomfort ate almost unknown during the 
first 15 years of life, but later, with increasing weight and strain on the 
hip and lumbar spine, the patient may complain of a dull aching over 
the lower back, accompanied, in some cases, by jiam at the site of the 
displaced femoral head. 
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Examination 

Shortening. In every caw of nailatcral ilisipration the afiecteil leg 
is shorter than norijial. The degm of this shortening varies with the 
age, and with the amount of walking whtcli Ijas been permitted. Thus, 
subluxation of the hip-joint causes a shortening of the leg, which is 
usually limited to half an inch or one inch, even in the adult, whilst, in 
the case of an untreated complete dislocatiou in the adult, the shortening 
may be as inucb as or 4 inches. 

Telescoping. Mlien pressure is applied to the foot, as normally occurs 
in weight-bearing, the displaced femoral head ghdes upw'ards on the 
outer aspect of the ihum. This movement, wliich is known as telescoping, 
can usually he demonstratetl whilst the leg is in the extended position, 
but is shown more easily with the hip and knee flexed to a nght angle, 
when, by downward pressure appbed in the region of the knee, the head 
of the femur can he felt gliding backwards and forunrds on the ilmm. 
This movement can best be appreciated by placing one band over the 
anterior superior spine of the ilium and the great trochanter of the 
femur, when the latter can be felt to alter its position in relotion to the 
former on each application of pressore to the knee. 

Trendelenburg's Sign. This sign is present in every condition of 
instability of the hip-jomt, and is caused by the patient’s inability to 



Fio. 142. — Showing dropping of the pcleia In Trendelenburg’s rign 


stabilize the weight-bearing hip in a position of sbglit abduction. Nor- 
mally, when the weight of the body is taken on one leg, the jielvis rises 
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on tlie other side owng to contraction of the hip muscles, which lock 
the weight-bearing hip in slight abduction. b7(e«, from any cause, 
either muscular weakness, ns in paralysis of the gluteal muscles, or 
alteration in the mechanics of the joint, as in this condition of con- 
genital dislocation of the hip in which it is impos.sible to lock tlie head 
in the acetabuhnn, this power of fixation of the weight-bearing hip-joint 
is absent, the pelvis sinks on the other side, as shown in the photograph 
(Fig. 142). 

Mocemcnls. Flexion and exten.sion of the joint are free and com- 
plete as compared wth the other side. Adduction can be performed 
more freely than on the normal aide, but abduction is limited by a varj’ing 
amount, according to the age of the p-atient and the amount of shortening 
which has resulted from weight-bearing. Kotary movements at the hip 
are limited, either internal or external rotation being lost, according to 
the position of the head of the femur in relation to the great trochanter. 
If the dislocation is anterior, internal rotation of the thigh is impossible, 
whilst external rotation is diminished or lost in the rare instances in which 
the head of the femur lies permanently posterior to the great trochanter. 

Position of the Head of the Femur. Although all the signs may point 
to the probability of a dislocation of the hip, the only unmistakable sign 
of the condition rests on the discovery of the head of the femur m an 
abnormal position outside tbe acetabumm. By careful palpation m the 
region of the hip the surgeon can decide whether there is such an abnormal 
bony prominence present in front of, behind, or above tbe great tro- 
chanter. The palpation is carried out first with the hip m the e.xtended 
position *, then by flexion and adduction of the tliigh the displaced head 
of tbe femur can usuislly be felt as a distinct bony prominence under 
the gluteal mu-sclea. 

Radiographic Appearances 

These will usually make the diagnosis quite clear (Fig. 143). They 
show the head of the femur lying above the acetabulum, which has no 
definite roof ns on the normal side, but sho%v8 n gradually sloping floor, 
extending from its centre to the outer surface of the ilium. Shentou's 
line. also shows considerable alteration. This line is formed by con- 
tinuing the curve of the lower border of the neck of tlie femur on to the 
pelvis; under noraml conditions the upper border of the obturator 
foramen and the lower border of the neck of the femur should form one 
continuous cur\’e, and any alteration in the continuity of this line indicates 
the presence of a structural deformity. 

In very young children there may be con.siderable dilCculty in deciding 
whether the head of the femur is lying in the acetabulum, or on its upper 
margin. Con.siderabIe help in deciding this point is gained by drawing 
a vertical line on the film from the upper and outer border of the aceta- 
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Fl'i. 143 — Cwconital I)ul»rn(ion of liolh Jujui «alJ» n pootl nretnlnilAr »htlf. 

bulum. If tlie bend of tlie femur >3 in its noiinnl position its epiphysis 
lies internal to this line, wltereas in congenital dislocation of the hip the 
line passes internal to the epiphyseal cap In congenital auliluxation of 
the hip the relation of the epiphyseal cap and the vertical line are not 
constant, the line, as a rule, ritnmng through the epiphysis, although in 
some eases the arrangement is similar to that in congenital dislocation. 

Difpcrrntial Diagnosis ^ 

Little difficulty is erpencnced, os a rule, m making the differential 
diagnosis. The only conditions likely' to be mistaken for congenital 
dislocation of the hip-joint are : 

1. Suppurative Arthritis of Infants. Acute septic infection of the 
hip-jomt occurs comparatively frequently m children during the first 
year of life. The onset is sudden, the child is extremely ill with a tem- 
perature of J03-105 degrees, and very soon a kirge ahsces.? is discovered 
over the region of the joint. After opening the abscess, discharge from 
the w'ound usually' lasts fox a few weeks, and the child tlien appears 
perfectly normal. Later it is discovered that the leg on the affected 
side IS shorter than the other and tliat an abnormally free range of 
movement is present in the joint. Iladiographs show a complete Joss 
of the head and part of the neck of the femur (Fig. 38), nliich accounts 
for the increasing shortening and abnormal mobility. The deformity 
resulting from such a destructive arthritis may be recognized by the 
abnormally' free joint movements, by flie radiographs, which show 
absence of the head and most of the neck of the femur, by’ the presence 
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of a scar over the affected jovat, and by the surgeon’s inability to palpate 
the head of the femur. This clear-cut clinical picture of the end result 
of a destnictive suppurative arthritis occurring iii an infant is considerably 
modified hy the use of penicillin m the acute .stages of the disease. 
Following this line of treatment, the destruction is mucli reduced, the 
head of the femur may be wholly or {^rtially preserved, and the stability 
of the joint to some extent retained. 


2. Coxa Vara. Coxa vara, in which the great trochanter is also 
raised above the normal, may be recognized easily by the absence of 
telescoping, by the greater loss of the power of abduction of the thigh, 
and by the presence of the head of the femur in the acetabulum. The 
radiographs confirm the clinical diagnosis. 

3. Paralytic Dislocation. Dislocation of the hip-joint due to 
infantile paralysis may cause some difficulty in diagnosis. The dislo- 
cation never follows a complete paralpis of all tije muscles, hut is usually 
found when the gluteal group ore paraij'sed, while the adductor muscles 


remain active. The thigh is pulle<l ii 
gradually stretched and weakened 
over the posterior aspect, until the 
femoral head becomes dislocated at 
this point. The condition can be re- 
cognized by the localized loss of 
power, by the history, and by the 
radiographic appearance of a normal 
acetabulum and a normal femoral bead. 

4. Congenital Shortening of the 
Femur. Congenital shortening of 
the limb due to absence of growth of 
the whole, or part of the femur, may 
give rise to some difficulty in diag- 
nosis. The signs of shortening and 
telescoping of tlie hmb may be very 
similar to those given hy a congenital 
dislocation of the hip, but on exami- 
nation tlie whole femur is found to be 
shortened a.s compared with the other 
side. Occasionally part of the femur 
does not develop ; this absence may 
involve the head and trochanteric 
region alone, or may extend to the 
lower third of the bone. As a rule, 
the condyles of tlie femur, at least, 
are visible in the radiograph (Fig. 144), 


adduction and the capsule is 



Fm. 214 — Congenital Shortening of 
the Right Femur. 
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tlie lovret end of the femur never being absent when the upper section 
of the hone is present. 


TrUATMCNT of CONOCNITAt DISLOCATION OK TIIC HiP 
This may be divided into font sections : 

1. Closed reduction. 

2. Open reduction. 

3. Reconstructive operations. 

4. Corrective operations m old cases. 



Fin. 145 — ‘Per(h£ « Di^pssc of liir Head of tbe Femur folloning congenital ilislocntinn 
of the lli{> joint 


Closed Reduction 

Tlie results obtained tlirough this line of treatment depend largely 
on the age at which it is earned oirt, and tho amount of trauma inflicted 
on the tissues during the course of the operation (Fig 145). It was 
formerly held that the reduction of the dislocation was most satisfactory 
when carried out between the ages of 2 and 21 years. This impression 
probably arose from the dilRculty crpenenced in keeping tJie plaster 
casts dry in these young children, but the work of I’utti has iiroved 
definitely that the earlier the reduction the better the prognosis. It is 
only on very rare occasions that the surgeon lias the opportunity of treat- 
ing a child snffenng from a congenital dislocation of tho hip-joint before 
walking has taken place, but, if discovered at lias early age, treatment 
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is extremeif simple, reduction of the dislocation usually foUo’ning on 
full abduction of the hip, whicli is accomplished simply and without 
trauma by the application of Putti's macldntosb-covered triangular 
wedge. 

The object of the earliast possible reduction is the stimulation of 
growth of the acetabular margin wliich follows on the presence of the 
head of the femur in the acetabulum. Unless the acetabulum is occupied 
by the head of the femur its upper roarjpn tends to atrophy, hut when 
reduction is completed the acetabular rim steadily increases in depth. 

Up to the age of 3 years little difficulty is experienced in reduction 
of the dislocation. Under full ana^thesia, with the child supine and the 
hip and knee flexed to right angles, the thigh is grasped above the knee, 
wMle the pelvis is fixed with the other hand. Extension on the thigh 
is now made in an upward and inward direction, and the thumb of the 
hand holding tlie pelvis is used to press the head of the femur over the 
posterior-inferior border of the acetabulum, the leg only then being 
abducted uitU the object of retaining the head of the bone in the 
acetabulum. Between the ages of 3 and 5 years, considerably greater 
difficulty is experienced in reduction. Occasionally it is advisable to 
hai*e a preliminac}’ stretching and loosening of the hip by means of con- 
tinued pull on a Tliomas bed knee splint for o period of 2-4 weeks. 
^yllen reduction Is then attempted the same manminTes are carried out 
irith the help of an assistant, who pulls the leg in a position of acute 
adduction and flexion, while the surgeon uses both hands to control 
the pelvis and both thumbs to lift the bead of the bone into the aceta- 
bulum (Fig. 146). tVhen reduction is completed the stability of the 
acetabulum-can be gauged by redislocation and reduction, which ate 
easily accomplished. The leg is now slowly stretched into full abduction 
with the hip and knee at right angles, in order that the tightened adductor 
muscles and anterior part of the capsule of the joint may be stretched 
sufficiently to allow the femur to remain in the acetabulum. After the 
resistance offered by these contracteil tissues has been overcome, the 
lateral abducting pressure is removed and the hmb left free, when it 
will usually be found that the thigh remains in a position of about 
46 degrees’ abduction and right-angled flexion, with internal rotation. 
This position into which the leg and thigh have naturally fallen without 
redislocation is that at which the head of the femur is placed at the 
deepest part of the acetabulum, anti is the position in which the hip- 
joint should be fixed for at le.ist 12 months. The fixation is most 
effectively obtained by means of a plaster-of-Paris case, extending from 
the lower ribs to the calf of the leg. The routine commonly adopted 
of using three separate pla.ster cases, the hip-joint in the two latter 
l)eing at a somewhat more extended angle than the first, was introduced 
largely ow-ing to the fear of rigidity following the prolonged fixation. 
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This rigidity, however, is not due to the fixation, however long continued, 
hilt occurs only in older children, where the efforts at reduction have 
produced a traumatic arthritis, and ite appearance need not be feared 
in children under 5 years of age, if the rerluction is carried out gently 
and without undue force. It is essential to retain the hip in the position 
in which the head of the femur lies in the deepest part of t?ie acetabulum, 
ns the stimulus to the growth of the bony rim of the acetabulum is 
greatest when the head of the femur lies in its normal position. After 
at least 12 month.s’ fixation the plaster case is removed, and exorcises — 



Fio. UO.— Showing RcdnctJ«> of CongemUil DiubcMion of the Hip. 


combined with massage and gentle stretching — are given for 2-3 months 
before walking is allowed. No difficulty is usually experienced in the 
restoration of the full range of movements, after wliich normal usp of 
the limb is permitted 

In favourable cases redislocation does not occur, the lilp feels stable, 
Trendelenburg’s sign has disappeared and the radiographs show tlie 
development of tlie upper part of the acetabulum, which in time can be 
differentiated from normal only with consitlerablc difficulty (Fig. 147). 
The percentage of successes following this operation depends very largely 
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rt«. U7 — fV>ng«Rital IMocation of Ix*ft Hiji 
(a) Unrwluced 


on the age at which reduction has been carried out, the gentleness with 
which the man<E^^Te has been performed, and the efficiencj’ with which 
the correction has been maintainetl during the 12 months of fixation. 
If reduction is completed before 2| years of age successes amount to 
80 per cent. This figure rapidly (Lminishes with increase in the age 
of the patient, until at the age of years only 45-50 per cent good 
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results can be obtaiued by the tise of the closed method of reduction. 
Failure of the growth of the acetabular margin following the reduction 
accounts for the large majority of unsuccessful results, and this failure 
is soon recognized by continued instabdity of the joint and the re- 
appearance of the dislocation. If a rediaplacement has occurred, and 
it has become evident that success is unlikely to follow the use of the 
closed method of treatment, no time should be lost in again reducin" 
the dislocation and performing a reconstraction operation on the upper 
border of the acetabulum. 

Reconstruction Operation. The hip-joint is most easily approached 
througli the SznitJi Petersen incision ; in this the slrin is inciset! along the 
anterior third of the crest of tlie ilium, and from the anterior superior 
spine almost vertically do^m the tliigh for 4 or 5 inches. Tlie interval 
between the sartorius and tensor fascia femoris muscles is sought, and 
the skin incision along the crest of the ilium is deepened until the muscle 
attachments to the bone at tins point arc completely severed. In this 
way the gluteal muscles and tensor fascia femoris are freed from their 
attachment to the iliac crest. The apace between the tensor fascia 
femoris and sartorius is now widely opened up, and a free expostuo of 
the hip-joint is obtained by completing the separation of the gluteal 
muscles from the ilium by means of a blunt dissector. The capsule of 
the hip-joint is now freely exposed above, m front and behind, when it 
will be found that traction on the extended leg brings the head down 
to the site of the acetabulum. The capsule, which is usually adherent 
to the ilium above the normal acetabulum, must be freed by blunt 
dissection, and the limits of the original cavity clearly defined from the 
adjacent fal.se socket. If the head of the femur can be placed in the 
acetabulum, opening of the joint canty is unnecessary and inadvisable, 
but if, because of the presence of a mass of fibrous and fatty material in 
the joint, such close approximation is impossible, the capsule should be 
opened and the fibro-fatty mass removed. It may be stated as a guiding 
rule that opening of the joint cavity should be avoided if passible, as 
the resulting hcemarthrosis may cause some diminution of movement 
and a considerable prolongation of the after-treatment. 

After reducing the dislocation a large cun'cd flap of bone is raised 
from the ilium round the upper, anterior and posterior margins of the 
acetabulum. This flap is so designed (Fig. 148) that the living liinge 
of bone is placed at, or slightly below, the margin of the normal aceta- 
bular cavity and should never be formed nbo\’e this level. When 
levered out above the head oftfie lemur it repfaces the absent acetaiufar 
margin, and it can be retained in this position by means of bone wedges 
taken from the outer layer of the Uium, above and behmd the acetabular 
region, or from the crest of the ilium. Tliese hone flaps, or wedges, 
should be reinforced by multiple bone chips, wliich are used to pack 
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any vacant spaces. If properly designed the bone flaps xeqnire no 
peggmg or vriring in position. Hie glnteal muscles are now sutured 
back to the iliac crest by a series of deep stay 8uture.s, and the wound 
seMTi up without drainage. 

Traction on the leg must be continued during the whole course of the 
operation and also during the after-treatment, so that the head of the 
femur is pulled do\Tn to the lower border of the acetabnlum, and pressure 



Fig. 146 — Sb«If operation far Congenita] DL«location of Hip with poor acetabulom. 

on the newly formed rim is prevented until consolidation is complete. 
This relief of pressure from the upper margin is obtained most readily 
by the use of a simple weight and pulley extension, or by the application 
of a Thomas frame in which traction can be employed. By using traction 
the results obtained are better than those which follow the application 
of a plaster cast, in which it U impossible to prevent continuous pressure 
of the head of the femur on the soft, newly-formed acetabular rim. 
Open Reduction 

The operation of open reduction of a congenital dislocation of the 
hip-joint has been advised by some Burgeons as a routine method of 
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treatment because of their belief that, in many instances, tlie presence 
of ft constriction of the capsule prevents complete reduction of tlje head 
of the femur. In performing the redaction tlie joint is defined through 
the same approach as that used for the reconstruction operation, or 
tliTough a straight anterior incision. WTien the region of the joint has 
been cleared the reduction is easily completed, and if the cajisule is 
already adherent to the ilnim above the acetabulum, it should W 
separated from the hone by blunt d^section without opening into the 
joint cavity. The results obtained by this method of open reduction 
do not justify the increased risk entailed by the operation, and the 
procedure is not necessary or advisable in the younger patients. Open 
operation and deepening of the acetabular cavity has been advocated 
by several authorities. The operation, nhtch necessitate? the wide 
removal of the articular cartilage and deepening of the acetabulum, 
combined usually with an osteotomy of the trochanteric region of the 
femur, has no advantage and many disadvantages when compared mth 
closed reduction. 

Patients between 7 and 14 yeaiw of Aoe 
Although it js possible on many occasions to 
reduce a congenital dislocation of the hip^joint in 
a patient of 10 or 12 )’enTs of age, such reductions 
are usually followed by the devclo}>ment of arthiitis 
with considerable limitation of movements in the 
joint. The cause.? of this rigidity may be classified 
as : 

1. Irregularity of the head of the femur. 

2. The trauma necessary for reduction. 

3. Excessive pressure of the femoral head on 
the acetabulum after reduction. 

It may be taken, as a rule, that after 7 years 
of age the reduction of a congemtal dislocation of 
the liip IS inadvisalde and should not be attempted. 
Wiien a patient over this age is seen sufTenng from 
Congenital dislocation of the hip there are certain 
lines of treatment possible, and each must be con- 
sidered. The measures which should be employed 
vary with certam factors, of which the most im- 
jKirtant is the position of the displacetl femoral 
head. 

1. With anterior dislocation. 

2. With posterior dislocation. 

'ofthe llip'ifitb'the 1. IftlA Anterior Dteloculion 

head anterior, show- Here the head of the femur lies above and in 

^^normal lumbar acetebulum and under the strong 
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Y-sliap«l ligament of Bigelow and ilio-tibial band of fascia lata. 
Because the head is held so firmly in position, shortening of the leg 
never exceeds If inches, even in adult life, as compared with 3|-5 inches 
so commonly found Avith posterior displacement. "With anterior dis- 
placement also there is no tendenc)* to increase of the normal lordosis, 
and the patient stands straight and does not complain of aching in the 
lumbar region of the spine (Fig. 1*19). For these reasons, attempts at 
teduetioD of the dislocation arc tnadNTsable, and even though it may 
be possible to place the head of the femur in the acetabnlum, redisplace- 
ment is almost inevitable. 

2. With Posterior Displacement 

Because of the increasing shortening of the limb and the extreme 
lordosis, wliich so commonly follow on unreduced posterior dislocation, an 
attempt to transfer the bead of the femur to the anterior aspect of 
the acetabulum is adNnsable. This alteration of the position of the 
femoral head is usually possible up to the age of 8-10 years. In order 
to carry out this alteration of position extension is applied to the limb 
for 4 weeks. The head of the femur gradually descends on the side of 
the ilium, the rate of descent depending on the age of the patient and 
the rigidity of the tissues. When the fuUe-st possible correction of the 
position has been obtained the child U placed on a hyperestension 
frame, by which tbe hip is forced forward and the thigh backward. As a 
rule, anterior displacement of the head of the femur can be produced by 
this simple method of hypercxtensiou, and following tbe alteration the 
limb is retained in the same position for a period of 4-C months. 

Formation of a False Socket. Tbe stabilization of the head 
of the femur by the formation of a false acetabulum in a position 
of deformity is never advisable. Such a procedure is not nece.‘<.sary, 
or even possible, when the head is anterior to the acetabulum, and, 
if a new false acetabulum be formed over the posterior part of the 
ilium in the position in which the displaced femoral head normally lies, 
the operation simply results in making permanent the shortening of the 
leg and the excessive lordosis of wliich the patient will eventually 
complain. 

OpERATn’E Treatjient ix Old Unreduced Dislocatiox.s (Fio. 150) 

In the young child sufiering from congenital dislocation of the hip, 
tieatbient is planned towards the leduction of tbe dislocation and the 
retention of the head of the femur in its normal po.sition. In the adult 
such reduction is, as a rule, impossible, and the aim of treatment must 
then be the relief of pain, eitlier in the region of the displaced femoral 
head or in the lumba'r spine, where it re.sulte from the increased lordosis. 
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Pain over the site of the feuioial head is caused by the excessive strain 
thrown on the llganienla and muscles supporting tlic head in tliis abnormal 
position, and only very occasionally hy the ilcvelopment of a traumatic 
arthritis at the faKe joint. 



Fio. 150 — Olil unreduced Cnigenital Duilncntion of Ihn Hip. 


The increased lumbar curve is the direct result of the transposition 
backward of the weight-beanng pillar of the femur from its normal 
situation in line with the middle of the acetabulum If the femur can 
be transferred forward to the Ime of the acetabulum, the lorilosis 
disappears, whilst if, at the same time, the excessive pressure on the 
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tissues over the displaced feoioial head can be reduced by increasing 
the weight-bearing surface of the upper portion of the femur, relief 
of pain, is inevitable. This double object of reduction of the excessive 
lordosis and broadening of tbe weight-bearing area folloi\'3 on a simple 
osteotomy of the femur, or on the bifurcation operation of Lorenz, 
success in either being dependent on the presence of movement at tbe 
false joint. 



FfO. 151. — Operation of SoUtrochanteric Osteotomy for unreduced Congenital 
Dislocation of the ILp, showing shaft displaced forwards and a normal line 
of woight'Lcanng. 

Femoral Osteotomy. In old unreduced dislocations a subcntaneou-s 
osteotomy of the femur is perfonnetl at the level of the acetabulum ; 
tbe site of divosion of the bone is, therefore, not a fixed point, but 
depends on tbe amount of elevation of the head of the femur above the 
acetabulum. A\Tien the osteotomy is completed the thigh is hj^per- 
extended to 45 degrees, and slightly abduct^ at the site of fracture, 
and fixed in this position in a plaster-of-Paris case until imion of the 
fracture is complete and solid. The thigh is now brought do%vn into the 

P.O.S. s 
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(rt> <6) 

Fifl. 1S3 — Congenital Uieloeotioii of the Hip 
in « boy aged 13, rhowmg (d) markcit 
lumbar lordoais; (&] normal lumW 
curve after Sub trocliantecir Oatcoioray 


straight line, which causes the 
upper fragment to lie in an appar- 
piitlj horirontal position (Fig. 1 51). 
By this means the weight-hearing 
surface has been very greatly 
increased, and the amount of 
pressure applied to the head of 
the femur is correspondingly re- 
duced. In addition, because of 
the anterior replacement of the 
shaft of the femur, the excessive 
lordosis disappears with a reduc- 
tion of the lumbar strain (Fig 
152). 

Lorenz Bifurcation. Tins 
ojiemtion, of wlueh the basic 
principles vary little from that 
of the previous method, consists 
in the transference of the shaft 
of the femur to the region of 
the acetabulum. The femur is 
divided by an oblique osteotomy, 
extending from below upwards 
and inwards, so placed that the 
upper jiointcd end of the lower 
fragment lies at the level of 
the acetabulum. The dmded 


segments are now separated and the upper end of the shaft is pushed 
fonvards and inwards against the capsule covering the acetabulum 


(Fig. 153). The whole limb and pelvis are now immobilized in a 
complete plaster case in a position of 35 degrees’ abduction. This ia 
retained until union between the two femoral fragments has been 


obtained. 


The two opemtions ate to a lai^'e degree simihit. In the Lorenz 
Bifurcation the aim is tlic support of the body on the Y-ahaped upper 
portion of the femur, whilst in the simple osteotomy weight is borne 
through the upper femoral fragment, which forms a right angle with the 
sliaft, and does not tend to cause as much irritation m the region of the 
old acetabulum as follows the bifoicatiou operation. 


Arthrodesis of the IIip*joInt for Unreduced Dislocation. If 
arthrodesis of tlie hip is considerevl advisaWe jt sliotild only be employed 
after reduction, of the head of the femur into the original acetabulum 
or its close proximity. If the operation is carried out whilst the head is 
placed on the dorsum ilif, there can be no diminution of the lordosis. 
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Fio. 133. — Lorfnr Oiteotoniy for unr^ilucwl CongeoiUi Dislocation of tbc Hip, sliowing 
shaft tmnsfcrrsd into acotabuluio. bony union has taken place. 

nnH the discomfort caused by the deformity is locreased rather than 
diminished by this operative procedure. 

Prookosis 

Untreated congenital dislocation of the hip-joint, whetlier unilateral or 
bilateral, causes little or no di.scomfort dunng the first 15 years of life. 
Later, vritU increasing weight, aclung in the back det'elops steadily, 
associated with vague abdominal discomfort. Pain over the dislocated 
femoral head is a very constant sign, although it often develops at a 
later date to the lumbar aching. The pain in this situation is caused, 
either by stretching of the gluteal muscles, the capsule and ligaments 
of the hip-joint, or by the development of an arthritis in the false 
joint, and either condition may necessitate extensive surgical interference. 

If treatment is instituted at an early age, these dangers are avoided 
and a successful result can be obtained m a very large proportion of 
patients, leainiig a joint which is normal in function and often indis- 
tinguishable from the unaffected joint by clinical or on ladiographic 
examination. 

The success of treatment depends on several factors, of which the 
most important are : 

1. Aoe. If treatment is instituted at an early age before c.vtensive 
alterations have occurred in the bony and ligamentou-s structures of the 
joint, a successful result is probable, hut the proportion of successes to 
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failures in treatment diminisLes with incrense in the age of the patient. 
Although no definite age can be given as the limit beyond which success 
in treatment by the closed reduction is im|)038iblc, it way be taken, as 
a rule, that after the age of 6 years a successful result follo\viug this 
line of treatment is improbable. 

2. Trauma, deduction of the dislocation of the joint, by whatever 
methotl it is attempted, is alwajra accompanied by a certain amount of 
trauma. If this trauma is severe it may lead to injury of the upj)er 
femoral epiphysis of the ligaments of the joint or of nerve tissues, thereby 
diminishing the possibility of a successful result. The greatest gentlenes.s 
must always be used in the retiuchon of the dislocation, and, as a rule, 
the yoimger the patient the less will be the trauma mvoIve<l. 

3. PosmoN or the Displaced Head of the Femur. The possibihty 
of a successful result of treatment depends to a considerable extent on 
the po.sition taken up by the dislocated head of the femur. In the usual 
position, in which the head is displaced upwards and baclcwarda, the 
results of replacement are excellent, and, if the displacement is treated 
within the first 4 years, at least 75 per cent of cures can be expected. 

When the displaced head lies du^ly above the acetabulum the results 
are less satisfactory, the average being 65 per cent successes. Tlie 
reason for this difference in the results is bard to explain, but probably 
the presence of the head of the femur in the region of the upper border 
of the acetabulum prevents the development of this margin of the 
socket and so predisposes to failure. With the rare anterior displace- 
ment of the head, the results of reduction of the displacement and 
retention of the head in the acetabulum are not so good as with 
either of the other two tj-pes. lUthough rep).acement of the head in 
the acetabulum is comparatively easy, retention in this position is 
much more difficult, and redispkeeraent occurs in 50 pet cent during the 
period of fixation, or after removal of the plaster case. This compara- 
tive failure is prob.ably raiwed by the presence of extreme anteversion 
of the neck of the femur in these anterior displacements. The head 
is twisted forwards to such a degree that retention is only possible 
after a complete intern.il rotation of the thigh, a position vliich is 
difficult to maintain over a long period. 

Although redisplacements are more common with anterior disloca- 
tions, the result of such an accident is not so grave as with posterior 
displacements, ns the shortening of the leg consequent on an anterior 
displacement of the femur is less and the lordosis is absent. 

CONGENITAL DISLOGATION OF THE KNEE-JOINT 

The term congenital dislocation of the knee is used loosely to include 
also congenital hypcrextension of the joint, true congenital dislocation 
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being an estremely rare deformity- In botb, the cause of the deformity 
is in all probability a mnl-position in ntero- The joint is lij-perextended, 
the condyles of the femur can be felt abnormally prominent posteriorly, 
and, in the true dislocation, the finger can be placed on the anterior 
part of the upjier articular surface of the tibia as it lies below the very 
minute patella. At birth the lower articular surface of the femur and 
the upper surface of the tibia arc normal in shape, but after a few years 
there is a considerable alteration in outline in response to the uneven 
pressure, the posterior part of the tibia and the anterior margin of the 



Fig. 154. — Cungonital l>Ml<Kalion of Kncr. 


femur becoming ^ttened with overgrowth in each case of the section 
wliich is free from weight-bearing (Fig. 151). 

The chief obstruction to correction of the deformity lies in the con- 
traction of all the segments of the quadriceps femons muscle, particularly 
of its rectus femoris portion. On account of the h^'perextensiou the 
tendons of the hamstring muscles are usually displaced round the sides 
of the femur, and by their position tend still further to hj'perextend the 
joint. By radiographic examination it is a simple matter to differentiate 
hj-pere-xtensiou firom true dislocation, in which the head of the tibia 
can be seen to lie partially or completely in front of the lower end of 
the femur. 
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TRnATJIENT 

When the condition of liyperextension or true dislocation of the 
joint is recognized in the very young chlkl, improvement of the position, 
or even a restoration to normal, may be pranced by regular passive 
daily flexion of the joint. AVhen the joint has been flexed a few degrees 
it is fixed in this corrected position by splint or plaster cast until the 
following day, when the same process is repeated and some further 
flexion obtained. Full flexion of the joint can, as a rule, be obtained 
in a few weeks, but in the older children, and occasionally when the 
dislocation is complete, tliis simple method is not sufficient, and operative 
correction is necess.iry. 

Operation. Tliroiigh a vertical incision above the patella the 
central tendinous portion of the qu.idriceps extensor is defined, together 
with the lower portion of the rectus femons muscle to w’luch it is attached. 
The tendon and the lower part of the rectus muscle are now elongated 
by a Z'shaped division, which pemuts the restoration of the normal 
position of the femur and tibia by simple flexion of the joint. It is not 
necessary to lengthen the vasti muscles or interfere with the tendons 
of the hamstrings, wluch slip round the inner and outer condyles into 
their normal position ou the jiosterior asjiect of the joint Fucatioii of 
the knee at right angles is then continued in a plaster-of-Pans case for 
8 weeks, foUomag which e.xercisos and niass-ige rapidly restore full 
extension of the joint. 

Prognosis 

The prognosis depends largely on the presence or absence of normal 
articul.ar surfaces on the lower end of the femur and the upper end of 
the tibia. If these are normal, a full range of movement may be 
restored to the joint, but, wlien tlie posterior part of the articular surfocc 
of the femur is absent or flatteneil. only a limitetl range of flexion can 
be obtained by even the mo-st jierfect correction. 


CONOENITAL DJSWCATIOK OF THE PATELLA 
This rare deformity, which may be unilateral or bilateral, is usually 
associated with a diminution of growth of the external condyle of the 
femur and mtli genu valgum deformity. It should be treated similarly 
to the acquired deformity, the success of treatment depending largely 
on the age at which correction is obtamed. Tlie jiossilnlity of a success- 
ful result diminishes rapidly as the patient grows. 

Congenital dislocation may bo found also at the shmUer, anile or 
elbotc, but these deformities are seen so rarely that they do not merit 
separate descriptions. 



CHAPTER XXII 
CONGENITAL DEFORMITIES 
TALIPES 

The generic term “ Talijies ” is commonly used to describe the group 
of congenital foot deformities occurring at the ankle or tarsal regions. 
Of these, there are a great variety of typc.s, one of which, talipes equino 
varus, forms sucli a large proportion of the whole that it is generally 
described as congenital club foot. 

TALIPES EQVINO YAHVS 

Although this deformity may develop at a later age m a patient 
pieriously noriaal, it almost invariably occur as a congenital abnormality, 
either alone or asmociated with some other error of groirtb, such as spina 
bifida, or spina bifida occulta. According to statistics the deformity is 
found slightly more frequently in boys than in girls, the difference being 
about 7 per cent. Heredity is certainly a factor in its occurrence, and 
of the many theorie.s which ba\'e been advanced as to its cause, probably 
the most reasonable is that of abnormal intramtenne pn»sure, the result 
of insufficient liquor aranii, but no really satisfactorj' explanation has 
yet been advanced. 

Anatomy 

MTien the deformity is present the foot is inverted, plantar 0e.xed 
and adducted at the mid-tarsal joint, the Ymsition of deformity being 
maintained at first solely by contraction of the flexor and adductor 
muscles, and of the soft tissues on the inner side of the ankle and sole 
of the foot. At this early period there are no changes in the shape of the 
bones of the ankle or foot. The flexor roaMiles of the toes and the tibialis 
posticus, whose tendons run behind the internal malleolus, are contracted ; 
their opponent.s — the common extensors of the toes and the peronei — 
on the dorsal and outer aspect of the foot arc consequently oscrstretched. 
The internal lateral ligament is thickened, more especially its anterior 
fasciculus, which blends with the contracte<I and thickeneil inferior 
calcaneo-scaphoid ligament. These two atnicturcs. together \i-ith the 
contracted plantar fascia, form the chief bar to the reduction of the 
deformity. TJie posterior portion of the internal lateral ligament is weak 
and atrophied, while the middle fasciculus, uhich is attached to the os 
calcis, is also contracted, helping to maintain the adduction of the heel. 

Although at this early stage the hones of the tarsus are normal m 
shape, there is couriclerable discrepancy in their relative position ; thus 
359 
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the scaphoid is displaced downward and inward on the head of the 
astragalus and is held in this position the overdevelopment of the 
ligamentous mass on the side of the foot. Following on the persistent 
equinus position of the foot, the body of the astragalus escapes from 
its normal situation between the malleolel, becoming so enlarged m 
comparison with tlie intermalleoJar space that its subsequent replace- 
ment is difficult, or even impossible. The neci of the astragalus retains 
its foetal arrangement and points inwards from the body at an angle 
greater than normal, while the os calcis is plantar flexed and tiltetl, its 
inner tuberosity approaching the internal malleolus. If the child has 
walked on the deformed foot, the outer tarsal and metatarsal bones 
become enlarged in comparison with those on the iuner aspect, which 



Fio. 165.— CongeniUl Clob Foot 


do not reach their normal size The calf muscles hre contracted, and, 
on account of the inversion of the oscalcb,the tendo achilHs acts as an 
invertor of the foot rather than a pure plantar flexor (Fig. 165). 

Although the deformity is usually conflued entirely to the tarsus 
below the ankle-joint, occasionally there is. in addition, a rotation 
deformity of the whole leg from the knee dowuiward, the lower end of 
the fibula lying in front of its upper end, while the internal malleolus 
lies slightly posterior to the internal tuberosity of the tibia. \\'hen the 
child has walked, secondary alterations are found, of which the mast 
common are the development of callosities and bursa; over the prominent 
bones on the outer aspect of the foot. 

FnoGNOSts 

In the absence of efficient treatment increase of the deformity is 
me\'itable, but, if started early and carried out intelligently, treatment 
should always result m a cure of the deformity and the provision of a 
shapely, painless foot. Clinically, the amount of difliculty which is 
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likely to be experienced in the correction of the club foot can be judged 
by the degree of adduction deformity, and by the size of the heel. When 
the heel is small and the luid-tarsal addnction is extreme, correction is 
ol^vap difficult, and is possible only following a long period of manipula- 
tive correction, and possibly an open operation. 

Differektial Dudkosis 

Congenital club foot must be differentiated from a very similar 
deformity ■which may follow on infantile paralysis ; the differentiation 
is made by the history of a preceding febrile illness, and by loss of power 
and wasting in the extensor and peroneal muscles of the leg. 

An almost identical deformity is seen following the Peroneal Type 
of Muscular Dystrophy, although very similar in appearance the history 
of gradually increasing disability, combined with paralysis, or paresis 
of the peroneal and extensor muscles, gi\'e3 a clue to the diagnosis. 
Epiphyseal 7)i;uri€S, especially those invohing only the inner half of 
the lower tibial epiphj'sis, may produce a secondary deformity very 
similar to that of a congenital club foot. 

Trcatjibnt 

The successful treatment of tahpes equino varus involves not merely 
the correction, but the over-correction of the deformity and the reten- 
tion of the foot in the over-corrected position until the tendency towards 
relapse has been overcome. It is essential that the utmost gentleness 
be used at every stage of the correction ; a start maybe made when the 
child is a few days old, the ankle being held firmly in one hand to protect 
the epiphpes of the tibia and fibula, while the foot is slowly and gently 
abducted and dorsiflexed. These movements should be carried out two 
or three times daily until the child is at least 3 or 4 weeks old, when 
some form of retentive apparatus should be used. 

In correcting the deformity attention should be given to its two 
sections : (I) the adduction at the raid-tarsal joints, and (2) the eqmnus 
and inversion of the heel. 

In order to correct the addnction, the front of the foot must be 
abducted and dorsiflexed while the heel is fixed. It is therefore evident 
that the adduction at the mid-tarsal joint should first be corrected before 
attempting to stretch the contracted calf muscles^ and before any attempt 
is made to bring the foot into doisiflexion. In moulding the foot great 
care should be taken to avoid injury to the epiphj’ses of the tibia and 
fibula and to the ligaments on the inner aspect of the kuee-jomt. If the 
knee is not protected, a severe degree of knock-knee deformity may 
result from the coutmued stretching of its internal lateral ligament. Its 
protection is comparatively simple if the moulding is undertaken with 
the knee at right angles and the hip in external rotation. 
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The amount of force necessary for the correction of the deformity 
depends largely on the age at which the oiieration is attempted. In 
the young baby over-correction can easily be obtained by moulding 
with the hands, one hand protecting the ankle and tibia while the cor- 
rection is carried out by the other. WTicn the child is older, and the 
resistance to correction is greater, the use of a simple rounded woo<len 
wedge will often enable the surgeon to complete the correction, which 
was impossible by the use of the hands alone. 

At a still later stage, when there is even greater contraction of tlie 
tissues, correction of at least part of the deformity can be obtained by 
means of the Thomas wrench. First the ja^vs of the ^vrench are firmly 
clamped on the foot in the desired position and the corrective jiressure 
applied by the surgeon’s side, both hands being used to protect the 
ankle and knee and to prevent any pos.sibIe injury to the slan or soft 
tissues. If complete correction in one stage is impassible, it is much 
better to mould on several occasions rather than risk injury to the 
foot or ankle by excessive violence. Occasionally, it is found that, 
even after efiicient and long-contmued stretching, the foot cannot be 
dorsiflexed without an cloogatiou of the tendo achillis. This dnnsion 
must never be undertaken until correction of the adduction deformity 
of the foot IS complete. If the tendon is divided before this stage, 
subsequent correction of the tarsal deformity is 
impossible. 

i \Vlien the correction has been completed, some 
; form of retentive apparatus should be applied. 

* In very yoimg children strapping of the foot in 
; eversion and dorsifle.xion is usually sufficient. This 
j method has, however, the disadvantage of irritating 

the skin if it is contimietl over a long period, and 
■ it should be used only as a temporary measure in 

• small children. 

1 When the child has reached the age of 4 weeks 
j it IS possible and advisable to maintain the cor- 
' lection by the use of a splint. The two splints in 
'< common use are the Jones club foot sltoe (Fig. 15C), 

; in which the foot is efficiently held m dorsiflexion 

1 ' and abduction, but with the disadvantage that the 
internal rotation of the leg on the thigh cannot be 
controlled. 

r. 0 . iss ^Ub Foot The sphnt designed iy Den,m Bronne nims at 
Shoe, showing ever- correcting lioth thc adduction of the foot anil the 
Bion of sole plate, internal rotation of the leg. It is comiiosed of two 
from‘^ r!ghra"fl«i foot picccs joined by 0 cro.s8-bar, the pressure of 
foot splint. one foot tending to preserve the correction of the 
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other. Readjustment and reapplication are required about once a 
fortnight, and the mobility permitted in the splint prevents muscle 
disuse and atrophy. The splint should be worn for about 9 months, 
after which the foot pieces are replaced by open-toed boots, ivhich in 
turn are locked to the cross-bar to preserve the correction. 

A more complete fixation can be obtained by the use of a plaster 
cast, extending from the toes to the middle of the thigh, the knee bemg 
bent to right angles to maintain the cast in position (Fig. 157). The 
method is simple; the foot is first over-corrected by moulding under 
anaesthesia, and the cast applied, retention in this position being mTain- 
tained for about C weela before reappHcation is nece'^sarj'. WTien 
correctly applied the foot remains in dorsiflexion, abduction and external 



(a) (6) 

Fio. \S1 (» nnil 6}— ^ub Foot in plnsitvr after raoulding. 


rotation, thus correcting each section of the original deformity, ^\’hen 
the cast is finally removed, usually when the child is about 9 or 10 months 
old, the normal muscle development is rapidly restored by massage and 
exercises, the correction being maintained by the use of night splints. 

Freedom from all retention should be allowed only when the extensor 
and peroneal muscles are active and can pull the foot into dorsiflexion 
and eversion. Wien this voluntary power is present the tendency to 
recurrence has ceased, and complete freedom from restraint can be 
allowed with confidence (Fig. 158). 

VTien treatment has been n^lected, or has been unsnccessful, and 
it is evident that correction by manipulation alone is impossible, restora- 
tion of the normal shape and position of the foot can be secured by open 
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operation. If the deformity is 
cause<l by contraction of the 
soft tissue's alone, and not by 
any alteration of bony structure, 
dmston of the contracted tissues 
may be sufficient; but if bony 
alterations are already present, 
correction obtained by division 
of contracted tissues is followed 
rapidly by recurrence of the 
deformity. 

Operative Treatment. 
Several types of operation on 
soft tissue have been described. 
Of these that of Ober and 
Elnislic IS probably the simplest 
and most efficient. Through a 
curved incision behind and beloxr tic internal malleolus, tlie phintsr 
fascia is stripped from its attacbment to the under surface of the os 
calcis. The deltoid hgament is then removed from the internal malleolus ; 
the tendon of the tibialis posticus is defined, and its sh'ps of insertion 
are divided s^rstely, with the exception of the portion attached to 
the scaphoid. The calcaneo-scapLoid, astragalo-scaphoid ligaments and, 
if necessary, the posterior portion of the capsule of the ankle-joint are 
m turn divided, and the foot moulded mto the desired position of 
correction, which is indicated by the appearance in the field of operation 
of the lower border of the articular surface of the bead of the astragalus. 

After the operation the foot is fixed in a plaster cast at right angles 
for 3 weeks, and on removal of the stitches further correction may 
be easily and safely obtained, and a further retentive cast is worn for 
at least 8 weeks. The risk of recurrence of deformity can be minimized 
by the wearing of suitable night splints 

When the bone deformity is already present the inequality between 
the inner and outer aspects of the tarsus must be reduced by some form 
of reconstructive ojieration, of which the amplest is 

Enucleation of the Tarsus. The opration of ciiuc!e.ition, or 
remodelling of the tarsal bones, has gi%-cn e.xeellent results, and has 
not been foUow’ed by the ngidity witch accompanies the more extensive 
operations on bone. The operation has unfortunately a veiy limited 
application. The best results are obtained if it is employed when the 
child is about C months of age. If attempted at a later periotl tlie result 
is always unsatisfactory. 

The procedure is extremely simple; through three small puncture 
wounds on the dorsum and outer aspect of the foot, an opening is made 
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into the cancelloas tissue of the astragalus, cuboid and os caleis. With 
a small spoon the cancellous tissue is removed from the centre of the 
cuboid, from the head, neck and anterior portion of the body of the 
astragalus, and from the front and outer aspect of the os calcis. After 
removing the cancellous tissue, the foot can be easily moulded into the 
normal position, the correction taking place by alteration in the shape 
of the three eviscerated bones. Following the correction of position, 
the foot is fixed in a plaster cast for 2 weeks, and then remoulded into 
slight over-correction and retaine<l in this position for a further G weeks, 
when all apparatus can be removed. 

The results of the operation are excellent, movement is retained in 
all the tarsal joints, and the rigidity which usually follows operations 
on the tarsus is avoide<l. 

In the older patient, when extensive bony alterations are present 



Fia. 150.— Old untreated Club Foot, showing Tendon Achilles acting 
as an invertor of the foot. 

V. 

(Fig. 169), correction can onlv be obtained by the removal of a wedge 
of bone from the outer end dorsal aspect of the tarsus, or by a recon- 
struction operation, such as that of Dunn. 

Bone Wedge. Before removing a section of bone from the foot, all 
possible correction of the deformity must be secured by moulding, and 
if necessary by division of contracted soft tbsues. After the moulding, 
a wedge of bone is removed through an incision on the upper and outer 
aspect of the tarsus, the base of the wedge being on the convex aspect 
of the tarsus, and its apex on the inner border of the foot, the size of 
the wedge varying with the degree of deformity. In its course, the 
line of section cuts across several of the intertarsal joints, and, whilst 
this division interferes to some extent with the 6ub.se(juent mobility of 
the foot, the functional result b good. 

Following the operation the foot is fixed in slight over-correction 
in a plaster case for at least 8-10 ^veekB until consolidation has occurred. 
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Retention of the correction is here dependent on bony fusion and re- 
developed muscle power, but the use of night splints is advisable for 
at least 3-G months. 

Reconstruction. In neglected or relapsed cases with severe de- 
formity full correction may be obtained by the reconstruction operation 
of Dunn, by which the normal shape is restored, while good movement 
at the ankle-joint is retained. The technique has been previously 
described (Chapter XVII) and requires no further comment. The 
objections to the use of this method in all cases in whicli a bone operation 
is necessary for the correction of a club-foot deformity are olivious. If 
the patient is less than 10 years of age, bony fusion ts uncertain and 
recurrence of the deformity is probable. 

METATAIiSVS VARUS 

Excessive adduction at the mid-tarsal region occurs almost invariably 
ns a congenital deformity. In contrast with talipes equino varus the 
heel retains its normal alignment with the leg, while the deformity is 
situated entirely in front of the ankle Radiographically it is evident 
that the ossihc centre of the scaphoid is small and appears later than 
normal, while the first metatarsal is often shorter than the 2nd or 3rd. 

The disabihty caused by the deformity is slight, moulding of the foot 
m the young child prevents contraction of the soft tissues, while the 
wearing of an ordinary shoe tends to restore the normal alignment. 
Correction by operation Is seldom necessary. 

TALIPES CALCANEUS 

Although this deformity is often congenit.al it may also follow on 
infantile paralysis, where tlie extensor muscles of the foot have recovered 
while tiie calf muscles have remamed inacti\%. The probable explana- 
tion of the congenital tjpe is the prolonged mtr.'i-uterinc fixation of the 
foot in an acutely dorsifle,xed position, mth the dorsum of the foot lying 
along the front of the leg. As a result, the extensor muscles and the 
dorsal portion of the cap.sule of the ankle-joint have become contracted, 
while the calf muscles arc weakened by overstretching 

This is the most easily corrected of the congenital deformities of the 
foot, massage of the leg and sfretchmg of the contracted e.xtensor iiiustles 
being sufficient to restore the normal function and appearance. 

RADIO-ULNAR SYNOSTOSIS 

Fusion of the upper portions of the radnw and ulna may be present 
over an area extending from one balf to 3 inches. Wien jiresent, the 
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forearm is fixed midwaj' between pronation and supination ; flexion 
and extension at the elbow-joint are free, hiit no passive or active rotary 
movements of the forearm are possible. 

The radiograph (Fig. ICO) indicates the extent of the bony fusion, 
which is present only m the proximal portion of the bones. 



Fifl. 100.— Congenital R«<lio.uJnar 


Disability. In spite of the loss of rotation, the disability is com- 
paratively slight, and the patient learns to compensate for the absence 
of rotary movements at the elbow by increased movements of the 
shoulder. 

Treatjie.nt 

Tlie power of rotation of the forearm cannot be restored by any 
form of treatment, ^\^th extensive removal of the upper part of the 
shaft of the radius a email range of passive movements may result, 
but active rotation never follows this operation as the sjmostosis is 
accompanied by an absence of the rotator muscles. The patient should 
be advised to be content with the slight inconvenience and disability. 


CERVICAL RIB 

An abnormally large costal element arising from one or more of the 
lower cervical vertebnc is a comparati\'eIy common phenomenon, which, 
ns a rule, gives rise to no signs or symptoms. Its presence is often 
discovered by chance during the coarse of a routine examination, although 
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occasionally a projecting bony mass may be present on one or both sides 
of the neck. 

The flbnonnal rib arises from the 7th, and occasionally from the 
6th ceirical vertehia. It may be present as an enlargement of the 
costal element, extending up to, but not beyond, the tip of the transverse 
process. When larger it extends forward for a varying distance, ending 
in a cartilaginous tubercle or in a fibrous band which attaches the mdi- 
mentarj' rib to the 1st rib, or to its costal cartilage (Fig. 161). 

Very occasionally a complete extra rib is present, ending in a costal 


Fig. 101. — ButlreaB type of Cerrica! Rib 


cartilage wliich articulates with tbe sternum or mth the upper surface 
of the first costal cartilage. VTien la^c, the rib extends forwards 
between the two scalene muscles, the brachial plexus and the siibclsvi-sn 
artery arching over it, the scalenus anticus niusrle being usually attached 
to It m part. If the abnormal nb is complete, tlie space between it and 
tbe 1st rib is occupied by intercostal muscles similar to the arrangement 
between the other ribs, but when incomplete no muscular layer h ]ire.sent. 
Mechanics 

The possibility of symptoms being caitseil by the presence of the 
abnormal bony growth depends to some extent on the anatomical 
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arrangement of the brachial plexus. In some instances, the plexus 
receives a large branch from the 4th cervical nerve, a formation which 
is described as the prefixed plexus, whilst in others the branch from the 
4th. cervical nerve is rudimentarj' or absent, its place being taken by a 
large 1st dorsal element with a contribution from the 2nd dorsal nerve, 
the type described as the post-fixed plexus. 

The development of abnonnal ribs is seen more frequently when the 
plexus is of the pre-fixed type ; in fact, the presence of a large nerve 
element in the lower cervical region obstnict.s the lavnng down of accessory 
bone, and may ev’en lead to the underdevelopment of the 1st rib. In 


Ftc. 162, — Complete Cenical Riba causing no aymptoms. 


the normal course of development the shoulder descends, thw alteration 
of position beginmng usually at adolescence and contmuing tliroughout 
life. This descent occurs in both sexes, but, owing to the difference in 
muscular development, the change occurs to a greater degree m females 
than in males. Following any severe strain, such as illness or childbirth, 
the resulting general muscular weakness permits a still greater drooping 
of the shoulder girdle, alloiring the lower portion of the jilexus to come 
in contact nith the abnormal rib. 

Symptoms 

Although cervical rib formations are found with equal ftequenc}' in 
males and females, sjnnptoms attributable to their presence occur with 
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much greater frequency in women than in men, and although the Lony 
abnormality is congenital in origin, complaints are not, as a rule, made 
before 25-30 years of age (Fjg, 1G2). 

The role of the scalenus anticus musde in the production of symptoms 
attributed to the cervical rib has lieen demonstrated by Adson and 
Coffey, who showed that it is possible to produce parajsthesia over the 
distribution of the brachial plexus, and occasionally obliteration of the 
radial pulse, by making the patient elevate the chin, extend the neck, 
or rotate the head to the affected side whilst taking a deep inspiration. 
Ad.son attributes the pathological changes in the distal vessels to a 
disturbance of sympathetic innervation. 

Sensory Symptoms. The moat common complaint attributable to 
the presence of a cervical rib is lingbng, and occasionally pain along the 
inner border of the arm and forearm. Rebef pan usually be obtained 
almost immediately by test in the rcciirobent position. Shooting pains 
may be present after heavj' work or after heavy lifting in which the arm 
has been forcibly e.xtended. Cutaneous sensibility is, as a rule, some- 
what dimimabed, althouglt complete loss is seldom present. The area 
affected does not exactly correspond to the area of supply of any par- 
ticular nerve or root segment. 

Motor Symptoms. When present, these usually consist in wasting 
of the intnnsic muscles of the thenar eminence, the abductor and 
opponens muscles being affecteil, while the flexor bre\ua polhcis muscle 
remaiiu normal. On rare occasions the los.s of muscle power and 
atrophy ate confined to the interossci and lumbrical groups. In either 
case, the muscular atrophy produces a progressive weakness of the hand 
and a peculiar clumsiness in carrying out the finer movements. 

Circulatory Symptoms. The sub clavian artery, which lies, as a 
rule, in front of the cervical nb, may appear to be dilated, and the 
abnormal pulsation may suggest the presence of an aneurism, although 
aneurismal dilatation of the vessel does not occur. 

Direct pressure on the sub-clavian artery by the abnormal bony mass 
or irritation of the vasomotor nerve fibre.s contained in the 8th cemcal 
and 1st dorsal nerve roots frequently results m coldness and cyanosis 
of the hand and fingers. The radial pulse is often delayed and dmunisheil 
in volume as comp.arcd with the other side, and ulceration and even 
gangrene of the ring and little fingers luavc been described. These 
vascular symptoms are probably the result of arteriospasm causeil by the 
s)unpathetic irritation, and are seldom produced by direct pressure from 
the cervical rib. 

DlKFEBESTUt DiAONOSIS 

Difficulty is frequently experienced in the differentiation of the muscle 
wasting and referred pains caused by the pre.sence of a cervical rib from 
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similar B^Tnptonis and signs, ^vllich are found in sjringomvelia, progressive 
muscular atrophy and ulnar paralysis. 

In BjTingomyeha, the thenar eminence frequently remains unaffected 
for a considerable period, whilst in progressive muscular atrophy this 
group is usually the first to show a general wasting, which can easily 
be distinguished from the selective wasting caused by the presence of 
a cer\'ical rib. The typical claw hand, with the wasting of the hj'po- 
thenar eminence and intrinsic muscles, combined with the deformity 
of the fingers and loss of sensation over the inner border of the hand, 
which arc the result of paral3’Bi3 of the ulnar nerve, give rise to little 
difficulty in diagnosis. 

Treatiient 

In the early etages, almost instant rehef follo'vs rest in bed by which 
the strain is relieved from the overstretched plexus. Mechanicallj*, the 
wearing of shoulder braces helps to diminish the strain and reduce the 
severity of the symptoms. Exercises and massage of the cervical muscles 
tend to improve the position of the arms, and to prevent a return of 
symptoms. 

In many instances operation alone can hold out any hope of cure. 

Operation. A 5-incli incision is made along the posterior border 
of the stcmo-nustoid muscle. In a short neck in which approach to 
the nb is comparatively diEBcult, further space may be obtained by 
another incision, i inches in length, extending from the lower end of 
the primary' incision along the clamle. Through this incision, the 
posterior triangle of the neck is exposed, the stemo-mastoid muscle 
retracted forward and the trapezius Wckward. The trauaversaUs colli 
artery and vein which pass across the space are then dirided and ligatured, 
and the plexus defined at the outer border of the scalenus anticus muscle. 
Tlie brachial plexus is now retracted forward, care being taken of the 
lower trunk, which lies on the cervical nb, and especiallj’ of the branches 
of origin of the long thoracic nerve which pierce the Bcalenus mednm 
muscle. With the retraction of the plexus the rib is now apparent, 
and is followed baclovard and divided close to its ongin. In its separa- 
tion the periosteum covering the rib should also be removed, so as to 
prevent the subsequent appearance of the bony bridge. When the rib 
is small, and is continued as a fibrous band, division of this band alone 
may be sufficient to relieve the symptoms. 

Division of the Scalenus Anticus. The relief of the symptom 
caused by a ccrrical rib is stated by Adson and Coffey to follow simple 
di\*ision of the scalenus anticus muscle at its insertion to the l.st rib. 
The operation is not difficult, the muscular insertion can be approached 
through a short vertical incision at the posterior margin of the stemo- 
mastoid. The phrenic nerv'c, which conrses down on the scalenus anticus. 
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is defined and retracted, and the tendinous insertion of the muscle 
divided. Tins allows the upper ribs to fall, and relieves the plexus 
from pressure. In many instances the operation produces only a tem- 
porary relief of pressure, and the return of symptoms following the 
operation may necessitate the removal of the nb itself. 

Operation on the 1st Rib. Occasionally, symptoms identical with 
those caused by a cervical rib result from the pres.sure of the inner border 
of the 1st rib on the 1st dorsal nerve. If resistant to conservative 
measures, rehef of the symptoms can be procured by the removal of 
that portion of the 1st rib extending from the tip of the transverse 
process to the scalene tubercle. Into tbis portion of the nh is inserted 
the scalenus anticus muscle, which must first be divided before removing 
the bone ; the operation can be carried out readily tlirough the same 
incision as for the removal of a cervical rib. 


SPRENOEL’S DEFORMITY 

Sprengel’s deformity, or congenital elevation of the scapula, results 
from an arrest of the normal development of the upper limb. Normally, 
this arises as a bud from the side of the cervical spme ; at tlie end of the 
third month of intra-utenne life it is situated at the level of the upper 
border of the thoracic cavity. Normally the bud descends from this 
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position and at full terra it lies on the lateral aspect of the upper thoracic 
space. For some unexplainetl cause, in this deformity the descent has 
not taken place, and the scapula remains in an abnormally high position. 

SlGXS 

On examination the patient shows an abnormal prominence on one 
or both sides of the neck, especially noticeable when ^^ewed from the 
front. The bony projection may extend for a varying distance aboVe 
the clavicle and, in the extreme case, its upper border may be felt under 
the angle of the jaw. 

As compared mth the norma! shoulder, the scapula on the affected 
side, in addition to being smaller in its vertical extent, lies at a higher 
level (Fig. 103). Its ujiper border lies closer to, and its inferior angle 
farther away from, the spinous processes of the adjacent vertebraj. 
The upper border is also hooked fonratd, and the low'er border is tilted 
outwards from the thoracic wall, while the range of movement between 
the scapula and the thoracic wall is considerably diminished. On account 
of the tilting of the scapula, the shoulder movements are decreased, 
especially m abduction, which is limited to the horizontal plane. 
Pathological Anatomy 

There is usually a fibrous, cartilaginous or bony band extending 
between the upper and inner border of the scapula and the spinous 
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processes of the 4th to the 7th cervical vertehr®. The muscles attached 
to the vertebral border of the acapnia are diminished in size, Bbrotic, 
and may be represented by a mngle layer of fibrous tissue. The body 
of the scapula is short, so that the transverse diameter is equal to, or 
greater than, the vertical. Other congenital bone defects, such ag 
absence of ribs or muscle.s, or congenital abnormalities of vertebr®, are 
frequently discovered in the course of the examination (Fig. 164), 

Treatment 

As the condition consists not only m an alteration of the position 
of the scapula, but also in abnormalities of muscle and bony tissue, 
restoration to the normal position and to normal function is impossible. 
The object of treatment must be the improvement of function in the 
upper limb by increasing the mobility of the scapula on the chest-vall. 

Stretching exercises, designed to increase the range of movement in 
the shoulder, lead to considerable improvement in the function of the 
arm, and should be continued for at least a year. By means of these 
exercises, the range of movement m the joint and in the shoulder girdle 
IS considerably increased. The function of the arm improves steadily, 
and the permanent disability is usually a shgbt limitation of full abduction 
and external rotation, which causes conipamtn'ely little trouble. 

Operation. If a bony bridge is present between the upper ctige of 
the scapula and the spinous prwcs.«es of the cervical vertebra, removal 
of this bar by open operation may be of some slight advantage to the 
patient. Widespread division of tightened structures, and removal of 
fibrous bands, which would be necessary to produce free movements of 
the scapula on the chest'imll, are of no advantage, os the muscles ivhicli 
control the scapula are either absent or rudimentary. 

MADELVNG'S DEFORMITY OF THE )VRIST 

A gradually increasing deformity of the wrist-joint, which usually 
appears in late childhood or early adolescence. The lower portion of 
the shaft of the radius gradually bends forward, leaving the lower end 
of the uka and its styloid process as an obvious projection on the dorsum 
of the wrist (Fig. 165). As a result of the displacement, dorsiflexion of 
the wrist is diminished or lost, and with extreme deformity, pronation 
and supination are also impossible. The strength of the hand and 
fingers is only slightly diminished, and the patient can perform almost 
any form of heavy work. 

Etiology 

Nothing 18 knowm as to the cause of the deformity, e.xcept that there 
18 distinct ligamentous Uxity, and it is pwaible that there is also some 
persisting rachitic weakness of the aflTected bone. 
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Fill. tC.'S — M«<Irlunj:'t IWonrutv. 


Treatment 

Progress of tlie Ueforuiity may be checked by rest and relief from 
heavy manual work, ilassage of tbe forearm strengthens the muscle 
control of the wnst, and tbe nearing of a leather case may help to some 
extent in improvmg the use of tbe hand- 

Operative interference is only necessary when improvement of the 
appearance of the hand is desired. An oblique osteotomy of the radius, 
^rith alteration in the ali^inent, usually results in impioveinent m the 
appearance, but not in any increase of strength. 

CLVB HAND . 

Almost any type of congenita! deformity may he present m the 
wrist and hand, their occurrence depending on the absence of one or 
more of the bones of the forearm, wnat or hand. The deformity whicli 
is seen most frequently is the club hand, which follows on congenital 
absence of the radius. The band, in which the thumb may be missing, 
is placed at tight angles to the lower end of the sliaft of the ulna. This 
deffirmity is frequently hereditary’, several instances being known of 
transmission through t\so generations. 

At first, the child has httle power of control over the fingers, but 
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gradually strength is developed and the displaced hand becomes extremely 
useful. Various operations have been devised for-the correction of the 
deformity ; thus, the lower end of the ulna may be split vertically, one 
portion being driven to the outer aspect of the carpus to replace the 
radius, or a bony stmt may be inserted between the outer side of the 
carpus and the shaft of the ulna, in an attempt to balance the action of 
the UTist-joint. 

The result of this type of operation is usually unsatisfactory, the 
usefulness of the hand being diminished following the operation, and 
greater improvement can be obtained by stretching tlie fingers, massage, 
and encouragement of the patient. 



CHAPTER XXIII 
RICKETS 


A constitutional disease of infancy, which, although primarily associ- 
ated with the dietitian and the phj'sieian, is at a later stage of considerable 
interest to the surgeon, on account of the numerous deformities which 
may develop as a result of the yielding of softened hones. 


Etiolooy 

The disease results directly from defective assimilation, and follows 
most commonly on the replacement of breast by artificial feeding. 
Instances of the development of rickets while the child is still being 
breast-fed are not uncommon, and ate attributable to prolonged lactation, 


or a deficiency in the mother’s milk, 
produced in animals when they are 
absence of exercise and sunlight, with 
of which the most important arc 
Vitamin D, calcium and phosphorus. 
The disen.se usually appears in the 
first 9 months of life, when the tissue 
changes are at their ma.rimum, but 
a condition apparently identical with 
infantile rickets is occasionally seen 
in later childhood or in adolescence, 
and has been given the name 
"Delayed or Adolescent Rickets.” 
In many instances this will be found 
to be a recrudescence of the infantile 
form, although in some, no history 
or indication of a prenous rachitic 
affection can be found, and the 
disease then is probably the result 
of overstrain of tissues which are 
undergoing abnormally active altera- 
tions. 

SlGK.S akd SysiPTOsis 
In the more severe degrees of 
rickets the clinical signs ate so 
apparent and so definite that the 
diagnosis can usually be made with 
certainty (Fig. ICC). 


Experimentally, the disease can be 
subjected to conditions involving 
a diet deficient in various contents, 



Fio. ice. — Bachitic child, chowing en- 
larged forehead, prominent abdomen 
and deformities of the lower limbs. 
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1. The forehead is abnormally bnrad and prominent. 

2. The cheat ia compressed laterally and the sternum is prominent 
(Pigeon Chest). 

3. Tho abdomen is prominent with a deep sulcus between it and the 
thorax (Harrison’s Sulcus). 

4. The thighs are deformed in many directions. 

5. The epiphj’seal areas are all enlarged. 

6. The bony palate is more highly arched than normal. 

In addition to changes in the osseous framework there are other general 
changes, which, like the bony deformities, vary mth the severity of the 
disease. In a mild case the outstanding features are increased perspira- 
tion, delayed dentition, and impaired circulation, with weaknes-s iii the 
voluntary and involuntary muscuhature. As a result, bronchitis, rest- 
lessness, irritation and catarrh of the mucous membranes arc prominent 
features. In tho more severe type the child is unable to stand or walk 
on account of excessive tenderness in the bony framework ; m fact, this 
loss of power is occasionally so complete that it may suggest the diagnosis 
of infantile paralj'sis (the ^udo-paralpis of tickets). TIic greatest and 
most characteristic alterations, however, occur in the bones and m their 
surrounding membranes. 

Pathological Changes In the Bones 

1. The medullary cavity is greatly increased in sire, 

2. The periosteum is thickened, infiltrated, spongy and adherent. 

3. The epiphyseal cartilage, which is normally thin and bluish, b 
thickened, swollen and cloudy in appearance. 

4. The epiphyseal junctions are enlarged, and the shafts of the bones 
are thickened by the deposit, chiefly on their concave aspects, of sub- 
periosteal bone. 

5. With healing of the disease these changes subside rapidly, leaving 
the bones abnormally hard. 

6. In certain acute cases the bone is brittle and hable to fracture. 
Radiographic Changes 

These are usually of great assistance in arriving at the diaposis. In 
the early stages of the disease there is « general low of definition of bone 
structure— the shaft of the long bones appearing somewhat decalcified 
and slightly fuzzy. This cliangc is ewn more obvious in the epiphyses, 
which are cloudy and badly defined ; later, the ends of tlie diaphyses 
become irregular and spfayed out, wilfi some suii-penosteaf ionc aVposrt. 
The want of definition in the epiphy^ and the end of the diaphysls 
persists until healing takes place, when the outlines again become sliaqily 
defined with increased calcium deposit, and Improved definition in both 
epiplij’sia and diaphysis (Fig- 167 cr, h and c). 
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(a) Active (() Becoming quicscont. (r) Cumi. 

t'iO. 1G7. — Hndiogreph of KickcU. 


Difterektial Duonosis 

In B ftevere case, m wtucb the general deforrmties and the typical 
radjogTBphic changes ate present, little difficulty is experienced in diag- 
nosis, hut occasionally, when the signs arc ill-defined, some difficulty may 
be encountered m dilTercntiating the condition from : 

1. Fragilitas Ossium. There is a similarity between this condition 
and the acute stage of nckets ; in both there is a tendency towards the 
production of multiple fractures, which cause weakness and deformities 
of the limbs. The diagnosis can usually be made largely on the racbo- 
grapbic appearances, which demonstrate the absence of rickety changes 
at the epiphyseal hnes, and the generalized thinning of the bone cortex, 
which is characteristic of fragihtas ossium. 

2. Syphilitic Epiphysitis, which is characterized by acute tenderness 
and swelling of a joint, the affection being, as a rule, bilateral. The 
db.gnci'ds here k luade on. the discovery of a. positive VV asset inann reaction , 
and on the radiographic appearances of the affected joint. Unlike the 
ill-defined “ fuzzy ” appearance of the rachitic bone, a partial or complete 
displacement of the epiphj-sis on the diaphysis is usually present. 

3. Scurfy, which gives enb-periosteal haimorrhages with swelling, 
extending from the epiphyseal plate, aloi^ the shafts of the bones, and 
also by .signs of ha?inorrhnge In other areas, especially tlie .submucous and 
subcutaneous tissues (Fig. 168). 
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4. Renal Rickets or Renal Dwarfism. 
This clinical entity of chronic nepliritis, 
as’torlatcd with severe bone clianpcs and 
deformities, has many of the characteristic 
appearances associated with later or adoles- 
cent rickets. The disease usually becomes 
obvious lietween 6 and 12 years of age. 
The child is stunted in height ’and deformi- 
ties of the lower limbs appear rapidly, the 
most common being an obviou.s genu val- 
gum deformity of both legs. The disease 
of the kidney is recognized by polyuria, 
the unne passed varjnng between 12(X) and 
3000 c c . of a low specific gravity, accoin- 
panieil by a ibstmctly high blood urea con- 
centration. The radiographic appearance 
of the epiphyseal areas is of considerable 
<li.ipiostic value, as it shows normal epi- 
pli^ws in a cup-shaped, dilated, cbapliyseal 
end. in which there is little or no decal- 
ciGcation (Fig. 1G9) 


In the treatment of ren.il rickets opera- 
tive correction of any deformity must be 
avoideil on account of the grave risks in- 
volved m the admmistration of any type of 
nnsethetic The 


I w deformities can 

i ' / usually be con- 

trolled, and often 
108 .— Il4*liogr»ph of corrected by the 

use of irons, to 

the deformed limbs c.in l>e mouWeil. 


wm 


Treatment ok Rickets 


r--"- 


The jirevention of the disease is usually a 
comparatively simple problem; although milk, 
either haman or bovine, is the ideal form of 
food, m some cases it does not contain sufficient 
vitamin D, and must be supplemented some 
other food, such as cod-liver oil, which is rich 
in this essential. 0])en air and sunhght are 
almost as important ns the type of food in 
preventing the dise-ase. ItTien Bunhght is not 
available, artificial sunlight, given under strict 
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control, is of great lienefit owing to its action in producing vitamin D 
from tLe skin. 

The aim of surgical treatment in acute rickets is the prevention of 
deformity and the correction by moulding of an)’ existing deformity while 
the bones are still soft. Recumbency during the acute stage of the 
disease is essential, in order that the common deformities of the legs, hips 
and spine may be prevented. V’hcn a knock-knee or bow-leg deformity 
has already developed, improvement in the alignment follows corrective 
splinting of the legs at night. When the disease is cured and deformities 
remain, their correction should be considered not only because of their 
appearance, but even more with the object of preventing secondary 
deformities which arise at a later date. 

Deformities 

The deformities of rickets are simply exaggerations of the normal 
curves in the long bones of the body, the softened bones of the lower 
limbs yielding to the continuous strain of weight-bearing. In the chest 
and upper limbs the alterations in the bones result from the continued 
action of the attached muscles, which produce either a change in align- 
ment of the softened bones or the development of bony outgrowths at 
the point of muscular attachment, or an outgro^vtb of bone at the point 
of insertion. 

The more common deformities are described under the following 
headings : 


RICKETY KYPHOSIS 

A condition of exaggerated antero-postcrior curve of the spine is 
present in most case.s of advanced nekety deformity. This tj’pe of 
k}'phosi3 has certain characteristics. Thus, it is invariably present at the 
dorso'hiinbar angle, and its curve is more acute than most other forms of 
simple k)’phosis. For this rea.son it may occasionally be mistaken for 
tuberculous arthritis mth deformity, but the absence of rigidity and the 
disappearance of the l^^phos on recumbency should clear up any doubt 
in regard to the diagnosis. No special treatment is necessary for its 
correction, as the deformity usually disappears as the general condition 
improves. 


COXA VARA 

An alteration in the angle at which the neck of the femur is attached 
to the shaft is present more frequently than any other deformity in 
rickets. Normally, in a child, the neck of the femur is set on tlie shaft 
at an angle of ISO degrees or more. Any considerable decrease of this 
angle, arising from any cause, is descril^d as coxa vara, which in its 
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extreme forms gives rise to the iraddling gait and widespread hips so 
characteristic of rickety cluldien. 

Symptoms and Sions 

There are, as a rule, no symptoms attrihntahle solely to the deformity, 
although the child may occasionally complain of aching over the hips and 
do^vn the thighs after prolonged axerdse. Tjje signs are obnon.?, and 
consist of apparent broadening of the pelvis, due to raising and spreading 
of the trochanters, with limitation of abduction at the hip to a degree 
depending on the severity of the displacement. As the deformity is. 
almost invariably, bilateral, there is, as a rule, no difference m the length 
of the limbs. 

Radiographic Appearances 

In the radiograph the alteration m the angle can be recognized and 
measured and, in addition, in the acute stages of the disease the usual 
rachitic dccalcificatioii and fuzziness of the epiphysis and diapbysis cna 
be seen. 

Tbeatmcnt of Co.xa Varv 

^\'heu the disease is still active, relief from body-weight and general 
antirncliitic treatment are usually sufficient to restore tlie normal align- 
ment of the bone. Mlien the disease has been cured and the deformity 
remains, surgical interference may be necessar)', either because of per- 
ristent aching, or on account of the waddling gait. Surgical inter* 
feieuce, if considered necessary, is carried out on the lines indicated in 
Chapter XII. 


mr LEGS OR GENO VARUM 

Any exaggeration of the normal outw'onl curve of the leg from the 
knee to the ankle is described as Iww legs ; occasionally, instead of an 
outward bowing of the leg the tibia is curved fonrard, griing rise to the 
condition known as nuterior Imw leg. There is usually little difficulty in 
regard to tlie diagnosis of the cause of either of these curves, other signs 
of rickets being present. 

Some difficulty may occasionally be experienced in differentiating the 
anterior rickets curve from the acute anterior curving of th«* tibia (sabre 
tibia), which is bo characteristic of congenital syphilis. The differentia- 
tion is made on the discovery of other signs of syphilitic infection, and 
on the presence of a positive Wassermann reaction. It is possible also 
to distinguish between the two conditioDs from an e.ramiji.ition of tJic 
tibia alone. Thits, in congenital syphilis the curve is produced by the 
lajdng down of large subperiosteal masses of bone on the convex aspect 
of the bone, as compared with the deporit of bone on the concave side, 
which occurs in the rickety deformity. 



BOW LEGS OR GENU VARUM 


Trbatmcnt 

^Vs a rule, jjo surgical treatment is re(|uiretl, tlie bow-leg deformity 
usually disappearing in response to appropriate diet and use of the limb. 
If, after 12 montlis. an olnnous deformity is still present, correction should 
be considered. 

WTien the disease is still active the soft bone can be moulded and 
corrected by bandaging the 1^ to a straight splint. Combined with the 
moulding antiracliitic treatment must be continued. After healing of 
the disease, correction of an)’ remaining deformity i.s possible only by 
osteoclasis or osteotomy. 

Correction by Osteoclasis. The operation of osteoclasis, or 
straightening of the leg after the production of a subperiosteal fracture. 



is rarely employed in present-day surgery. When used, the fracture is 
produced at the ajie-v of the deformity by a special instrument, the 
osteoclast, or by the use of a Avedge of wood (Fig. 170). This method is 
preferable to the use of any form of osteoclast, as the soft tissues are less 
severel)' damaged. In the correction, the fibula is completely broken, 
while the tibia shows at most a greeuatick fracture. After straightening, 
the leg is fixed in a phnster case for at least 6-8 weeks, the foot being 
maintained in line Arith the leg to preirent external rotation. After- 
treatment consists in massage and exercises, no form of splinting being 
necessary if the ligaments of the knee are not excessiA-ely lax. 

Correction by Osteotomy, Occasionally# on account of the hard- 
ness of the bones, correction by osteoclasis is impossible, and osteotomy 
at the same level can be performed irith safety. The decision as to the 
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necessity of performing osteoclnsU or osteotomy does not depend on the 
age of the patient, but on tlie hardness of the }x>nes. Thus, osteoclasis 
may, m some cliddren. be possible up to tbe age of 5 or G years, whilst in 
others, osteotomy may be necessary in a child of 3 or 4 years. 

For bow leg, the osteotomy should be a simple transverse dis-ision of 
the bone at the point chosen, wMltt in the correction of tbe anterior bow 



Fio 171 —Wedge Osteotomy for anterior bowing of the Tibia. 


leg the removal of on obhque wedge, as to Fig. I7J, is the most efficient 
method of correcting the deformity, anti at the same time assuring siib- 
eequent union of the fracture. After either procedure, the fixation and 
correction mtist be maintained until union Is complete. 

KNOCK-KNSB Olt CfEm VALGUM 

Tins very common deformity b^ns, as a rule, in early childhood 
following on rickets. With noruial children in the erect position, the 
internal femoral condyles and the mtemal malleolei are closely approxi- 
mated. In this position the weight of the body passes more or less equally 
through the femoral condyles, but, if the leg is abducted, as in knock- 
knee, body-weight is borne almost entirely on tbe external condyle of tlie 
femur and the external tuberosity of the tibia. The internal condyle of 
tlie femur and the internal tuberosity of the tibia, which are tliereby 
relieved from pressure, enlarge on the inner aide of the joint and form a 
prominence, wluch gradually develops with the increasing abduction of 
the Jeg. 

A.S a rule, deformity is due to tlus overpowth of the inner side of the 
femiu, the ahgnment and shape of tlie tibia remaining normal. Occa- 
sionally, enlargement and elongation of the inner side of the tibia is alone 
responsible, while in some cases both bones take part in tbe deformity. 

Tbeatmejit 

Conservative. In many instances a young patient sufTering from 
slight knock-knee is brought to the surgeon by parents who complain that 
tlie child walks with mtumed toes. They liavc usually tried to alter tliia 
so-called deformity by sending the child to a dancing class, where instruc- 
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tion is given in turning the toee outwards. This turning in of the toes, 
in the presence of a knock-knee, should not be corrected but rather 
encouraged by raising the heel of the shoe on the inner side. By walking 
in this manner the child is endeavouring to correct the deformity and 
carry the weight of the body on both condyles of the femur. KTien the 
alignment of the knee ha.s been correcteil the intuming of the toes 
disappears. 

Moulding. As with all rickety deformities, continued moulding is 
often successful in correcting the knock-knee in the acute stages of 
the disease, and, in a large proportion of children bo treated, operative 
correction is unnecessary. If, after moulding, the remaining deformity 
is slight, a knock-knee iron should he used to maintain and complete the 
correction. The iron should be removed only when correction ha.s been 
obtained, or when it is obvious that further improvement is impossible. 

Osteotomy. Tlie decision as to the advisability of performing a 
corrective osteotomy should be based on the condition of the hones, and 
not on the age of the patient. Thus, it may be possible to correct by 



Pia. 172 — Jon«’ Odteotomjr Saw. 

moulding the deformed leg of one child of 8 or 9 years, whilst in another 
an osteotomy may be necessary at 3 or 4 years of age. The site of the 
osteotomy depends on the amount of deformity present above and below 
the knee. 

In a child, even when the deformity is partly tibial in origin, complete 
correction can usually be obtained by osteotomy of the femur. The bone 
is divided sub-periosteally at a point one inch above the adductor tubercle 
from the outer aspect of the thigh by a saw (Fig. 172). .lifter cutting 
through five-sixths of its substance, the remaining portion is fractured by 
adducting the leg against resistance at the inner side of the knee-ioint. 
Fixation and correction after the osteotomy are obtained by the use of 
a Thomas splint with extension and a supporting back splint. By the 
use of two straps the deformity is over-corrected, the condyles of tlie 
femur being pulled to the outer bar of the splint, whilst the ankle Is 
drarMi to the inner bar. Fixation is continued for 8 weeks when con- 
solidation has usually occurred. Non-weight-bearing exercises can then 

P.O.3. o 
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be given, und free iise of the limb allotted after a further 2 weeks, a splint 
being used for a time if ligamentous laxity of the knee is obvious. The 
femur may also be divided from the inner side of the thigh by an osteotome, 
the bone being divided three-quarters of an inch above and in front of 
the adductor tubercle. The after-treatment is identical with that already 
described. 

When the deformity is present m the adult, correction by tibial 
osteotomy Is generally more satisfactory than by dinsion of the femur. 
This preference for a lower level of correction in the adult is based on 
a recognition of the adaptive cliangea which take place m the soft tissues 
and bones of the knee-joint, as the result of long-continued weight-bearing 
in the deformed position. As a result of strain, tlie internal lateral hga- 
ment is already stretched and thickened, and the cartilage covering the 
condyles of the femur and the tuberosities of tbc tibia shows adaptive 
arthntic changes. If the alignment of the joint is altered by osteotomy 
of the femur strain m thrown on cartilaginous surfaces which have pre\H- 
ously borne no weight, and the correction is followed by a long period of 
comparative disability, which may be avoideil by alteration of the align- 
ment of the limb below rather than above the knee. 

In performing this tibial osteotomy a very small wedge, with the b-ise 
inwards and the apex towards the fibula, is removed from the tibia, about 
2 inches below the joint level. Even with considerable deformity the 
wedge must be very small, or ot'er-correction results. IVhen tlie wedge 
is removed the gap is closed by adducting the leg, which b retained in the 
corrected position in a plaster case for 8 weeks, full movements being 
rapidly restored by exercises and massage. M a rule, no support b 
necessary, but, if the knee-joint is abnormally mobile, a knock-knee splint 
should be used until the lateral laxity has dbappeared. 



CHAPTER XXIV 

GENERAL .VFFECTIONS OF BONE 

OSTEITIS DEFOHMJNS, PAGET'S DISE^iSE 

A disease, which is undoubtedly more coinniou than is generally 
realized, characterized by thickening and softening of all the bones, and 
rarely seen in patients before middle life. Nothing is known as to its 
cause, no indication of bacterial infection or endocrine disturbance being 
present, and there would apjiear to be no relation between the onset of 
the disease and injurj’. 

Symptoms and Signs 

As a rule, the patient first complains of aching and tiredness in the 
legs. Owing to the softening of the bones, alteiations in the shape of the 
limbs gradually appear, the first and most ob\ious change occurring in 



Fjo. 173 — ^AnWnor Ijowing of the TiIim in Pspet's Diwase 

the tibia', which is bowed forward (Fig. 173) rntb a thickened and bossy 
surface. Similar alterations may occur in the thigh or in the arm or 
forearm bones, and an increasing Ig^hos leads to a gradual diminution 
in the patient’s height. The skull bimes take part m the change, the 
357 
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head and forehead becoming enlaced, wliilst the bones of the face retain 
their normal size. Omng to the softening, fractures of any of the long 
bones may occur from comparatively slight injury. Union of these 
fractures is usually satisfactory, the line of fracture uniting firmly, bat 
at a somewhat slower rate than normal. 


l*ArHOUKSV 


The disea'-e, whicii may remain localized to one bone, or may be 
present in every part of the skeleton, produces a general thickening and 
irregularity of the surface of tlie affect^ bones The medullary cavity is 
dinumahed by the encroacKmeot of a mass 



of newly formed vascular fibrous tissue, 
whilst new bone is formed under the peri- 
osteum. The internal structure of the cortical 
Imne is considerably modified, the laraelte 
are irregular, finiall isolated nodules of 
ebumated bone ate present, together with 
cystic- tnvities coDta'mwg a yeVomsh geh- 
tinous material. The cortical bone is also 
iwrtly replaced by fibrous tissue, n hicli is also 
present m the medulla where it replaces the 
bone forming elements. At a later stage of 
the disease the strength of the bone is secured 
by the development of Iamella3 of new bone 
m this new fibrous tissue. 

Radiographic Appearances 

The radiographic appearances arc very 
fharacterislic with the thickened “ bossy ’’ 
cortex, the narrowing of the medullary canal, 
the peculiar patchy appearance of the bone 
structure, and the definite increase of tlie 
normal curves of the affected bones (Fig. 
174). Honzoiital lines arc frequently pre- 
sent on the convex aspect of the bone, 
extending for a var^ung distance into its 
substance at right angles to its long axis. 


Kio 174 — Pupif" Disease When a fracturc occurs, its line usually passes 

affecting the Tibia, allowing through One of these markings (Fig 175), 
the chawitenstic feature of these fractures 


being the clean-cut division of the bone m a 
straicht line across its length. Although occurring in bone wliich is 
so obviously abnormal and m which fibrous tissue is abundant, these 
fractures unite readily, the callus of union of the fracture being normal 
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bony tissue which shows no sign of the pathological changes present 
ill the fractured bone. 

The skull shoiis considerable thickening of the bones of the calvanum, 
the surface being ver}* irregular and “ knobby,*’ giving the characteristic 

I 
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“ smoky ” appearance (Fig. 176). Calcareous degeneration of the arteries 
can also often be observed at various points. 

DnTEBENTLlL DuGKOSIS 

Syphilitic Osteitis. The appearances present in syphilitic bone 
infection resemble closely those of Paget’s di^ea-se and a differentiation 
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may be extremely tbfficult. In its typical form tbe bone affected by 
syphilitic osteitis is not so irregular as that of Paget’s disease, which has 
more of a cottonwool appearance (Fig. 177c and 177i). Frequently the 
diagnosis rests on tlie results of the Wassemiatin and Kahn tests. 

Osteitis Fibrosa. This condition may, in its early stage, present a 
radiographic appearance very similar to that of tbe early stage of osteitis 
deformans. The points of difference are, the presence in osteitis fibrosa 


Flo. 170. — Paget'n Ihscase of Iho Skull 

of larger cystic cavities m the affected bones, and the absence of involve 
ment of the skull bones. 

Acromegaly produces a general enlargement of the .skeleton, with 
a great increase m the sizo of tbe bones of the face, and svitb a definite 
enlargement of the cella turaca, as shown in the radiograph. 

pROG}.OSl9 

Unfortunately nothing can be done to arre.st the course of the disease. 
Occasionally, the condition of the patient remains stationary for a time, 
and undesers'ed credit may be given to the treatment which is under trial 
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at the moment. As the deformities increase, the acti\"ity of the patient 
diminishes and the general health saffers. As a rule, death does not take 



place for many years, and then usually owing to some chest complication, 
or occasionally to the development of aarcomatous changes in one of the 
affected bones. 
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Treatment 

Treatment consists of : 

1. Supporting the weakened bones bj splintage. 

2. Relieving the boring pain, which is so frequently present in the 
affected bones. 

Splintage. ^Vhen the leg has become bent and unable to bear the 
patient’s weight, relief can be obtained by the use of a caliper sphnt, which 
takes weight directly from the tnberosity of the jscluunr, thus relieving 
the leg and preventing any increase in the deformity. Similarly, the 
deforming spine can be supported by the use of a posterior support, which 
enables the patient to stand upright, and permits freedom of breathing. 

Relief of Pain. The patient may complain of a continuous dull, 
boring pam in one of the affected bones, most commonly the tibia. Tlus 
pain is not relieved by rest, elevation of the limb, or any external ajiplica- 
tions, and is frequently worse at night. It may, however, be reliev ed by 
a linear osteotomy of the bone in the area of the greatest tenderness. .An 
incision is made m the bone through the substance of the cortex into the 
medulla. This procedure is, as a rule, beneficial, and results in a diminu- 
tion of pain, although not m its complete disappearance. 


ACHOi^DROPLASlA 

.Achondroplasia, which in many respects closely resembles rickets, 
was at one time considered to be an lotra-utenno niamfestution of this 
disease, but further investigation lias provecl it to be due to a disturbance 
of the normal growth of the cartilage forming tlie epiphj’seal plate, s, the 
growth ui length of the long bones being interrupted, whilst the siili- 
periosteal bony deposit proceeds m a normal manner. The interruption 
of the normal caitihigmous growth consists either in a softening of the 
cartilage cells, with iminution of their growth, or m their widespread 
proliferation with irregular ossification. The first signs of the disease 
appear early in intra-uterme life, but no reasonable explanation of its 
occurrence has yet been advancetl. 

Symptoms and Shins 

The child's body continues to grow normally, whilst the limbs rein.im 
sliort and show obvious enlargement in tlie region of tlie epijih^’ses. Tlie 
head appears farge, the mfetbgence rematns tMmMf, wk/h t/*? IwKJgo 
tlie nose is usually dejiresswl and may be distinctly flattened. The hands, 
which are short and thick, sliow n very cliaractenstic deformity of the 
fingers. The index, ring and little lingers do not, as is normal, he parallel 
with the middle fingers, but point outwards like the spokes of a wheel. 
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In the lower limbs extreme boAving of tlie tibias is common, and because 
of this the feet are everted and appear flat without any sign of arching. 
Radiographic Appearances ' 

The characteristic radiographic appearances yf achondroplasia are the 
shortening and thickening of the long bones, combined with early ossifica- 
tion of the epiphyses. 

The disease is to be differentiated from rickets by the irregular ossifica- 
tion and enlargefi epijjliTOeal lines, which are characteristic of rickets, as 
compared with the clearly cut line and early ossification of the epiphyseal 
plates (Fig. 178), which is present in achondroplasia. 



Fki. I7S.— 'Tlstliograpb of A<-hon«lrn|itaiiA 


Theatment 

No general treatment of any value has j-et been suggested, but occa- 
sionally the bowing of one or both legs may be so extreme that correction 
by osteotomy may be u.sed to prevent secondary deCormltiea of tbe feet. 

OSTEOGEmSIS IMPERFECTA OR FRAGILITAS 
OSSWM 

This condition is recognized clinically by the frequent occurrence of 
fracture. This tendency may be present at birth, or may, in the more 
usual type, make its appearance during childhood. Nothing is known 
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as to the cause of the condition although, in many instaiites, there is 
a distinct familial tendency, the disease being present in several or all 
of the children in one famil}'. 

' CusicAL Features 

Fracture of one or more bones may be present at birth, but, as a rule, 
the tendency to fracture appears about the fourth or fifth year of life. 
The fractmes themselves ate usually tlie result of some ^-ery sh’ght 
trauma, such as twist of the leg or arm. Tliey have even been Imowm to 
occur in a limb whicli was already adequately protected by splintage. 
The fractured bones show bttle tendency towards displacement, and after 
fixation become firmly united, although the process of consolidation is 
slower than normal. 

The child is usually thin, with poor muscular development, and, as a 
rule, shows a peculiar china-blue coloration of the sclerotica. Frequently, 
the mother also shows this blue tinge of the eyeball, although she may 
never have shown any tendency towards abnormal brittleness of the 
hones. 

Radiographic Appearances 

As the bones ate peculiarly thin, atwl have a poor calciiun content, 
the shadow cast on the radiograph is very similar to that of osteomalacia, 
although m fragditas ossium there is not the tendency to bending of the 
long bones which is so characteristic of that disease. 

Patholooy 

'riie fibrous layer of the periosteum is thickened, with its deeper layer 
of bone-fotming cells more spindle-shaped than normal. The bone cells 
are large and oval and show little tendency towords the formation of 
Haversian canals. The cells present on the outer side of the cortex show 
no definite arrangement, and remain as flat laminated plates. 

pIlOO^OSIS 

If the child lives through the penod of adolescence the tendency to 
fracture diminishes and may disappear. Frequently, however, death 
follows some mtercurrent disease before the age of 18 years. 

Dipferebtial Diagnosis 

Acute Rickets. In the acute or flond stage of nckets multiple 
fractures are comparatively common, and their occurrence may suggest 
the diagnosis of fragilitas osMum, but m rickets the epiphyseal line b 
enlarged, irregular, and the radiograph shows irregularity of the end of 
the diaphj-ses and of the epiphyses, a condition which is never present m 
fragditas ossium. 
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Osteomalacia. Although usually a disease of adult life, osteo- 
malacia may occasionally be present in young children. In osteomalacia 
the bones become thin and weak, owing to a process of absorption of 
lime from a structure which was at firat normal, whilst in fragilitas 
ossiiim the bone w’as abnormal from the first, and does not at any stage 
show the bowing which is the outstanding fe.ature of osteomalacia. 

Treatment 

No special form of mc<lication seems to have any effect on the course 
of the disease. The fractures are treated in the normal way, and, if 
fixation Ls continued for a sufficiently long period, union usually becomes 
complete. Protection from strain on a limb which has broken on many 
occasions is often advisable, and may be required for sev'eral years. 
Medical treatment, by the administration of calcium salts in various 
combinations, has not been successful in increasing the bone density, or 
in preventing the tendency towards fracture. 


MARBLE BOh'ES OR ALBERS^SCHOSBERG DISEASE 

This condition of increa.sed density of some, or very occasionally of 
all the hones of the body, is caused by an excessive deposit of lime salts 
in the bony tissue. In the affected bones the corte.v is greatly thickened, 
while the medullary canal is diminished in size. Owing to the increased 
thickening of the cortex the Haversian canals arc also constricted, leading 
in some instances to painful pressure and complaint of pain. Radiographs 
show the affected bones to be much darker than normal (Fig. 179). 

Little IS kno\vn in regattl to the cause of the condition, although 
recently it has been demonstrated that bone changes of a similar type 
frequently occur in conjunction with anicmta. 


OSTEITIS FIBROSA CYSTICA 

Von Recklinghausen first described the condition, which is charac- 
terized by the development in bone of fibrous tis.sues and single or 
mu’ltip'le cj’sts. From a clinical point of view the tlise.asc can be divided 
into two groups : 

1. Generalized Type. 

2. Localized Tjq>c. 

Generalized Type 

Instances of widespread bone involvement are found invariably in 
young adults, women being affected more frequently than men.’ The 




Fio 179 — Radiograph of Ailiers-SrbOnbrrR disease showing typical candle dripping ’ 

effeit 

onset of the disease 13 usnally cbaiactenzed by coraplaiiits of pain and 
aching in the affected areas, which may be entirely separate from each 
other. Attention may first be attracted to the condition by the occurrence 
of a fracture through the site of disease. These fractures usually follow 
a comparatively slight injury, and arc not accoinpanieti by the usual 
amount of pain, or by the (sepitus which is invariably present when a 
healthy bone ia broken. 
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Radiographic Appearances 

The bones cast a shadow of diminished density, and show cj’stic areas 
of varj’ing extent. Round these caWties a ring of sclerosis is often dis- 
cernible ; signs of old or recent fracture may be present, while the cortex 
of the bone is usually not expandwl at any point. ^\Tien the whole 
bony skeleton b examined, similar chaiig<» may be discovered in several 
of the other bones which have given no sign of abnormality. 

Patiiolocv 

Hunter’s work has shown that generalized osteitis fibrosa is frequently 
associated with a hypercalcamia, combined with a low phosphorous 
content in the blood serum, and with a tumour of one of the parathjToid 
glands. This tumour is simply an enlargement and ov'ergrowth of the 
normal paratlij-roid tissue, which by its activity produces an increased 
secretion of parathormone, which acts directly on calcium metabolism. 
The calcium content of the blood may be increased to 11-13 ingm. per 
100 C.C., the calcium content of the urine may be three times the normal, 
whibt that in the fsces remains within the norma! limits. 

In the area of disease the bone is partly replaced by vascular connective 
tissue, which later liccomes converted into fully formed fibrous tissue. 
In this coonectis'e and fibrous tissue mass hemorrhages occur readily, 
and by degeneration cavities are formed. These spaces are lined by 
fibrous tissue containing widely scattered giant cells which, it has been 
suggested, may be osteoclasts. Owing to the absorption of lime salts the 
affected bones have a moth-eaten appearance, and, on section, bone 
absorption and new bone formation are seen occurring .side by side. The 
new bone, which is largely composwl of osteoid tissue with a low calcium 
content, has little rigidity. 

TREATME^■T 

IVhen several bones are affected and the calcium content of the blood 
is definitely increased, the parathyroid tumour, which is the cause of the 
condition, should be looked for and removed. This operation is not 
always a simple one, as the tumour may be present behind the sternum, 
or in some other abnormal position, and its removal may necessitate a 
very extensive and severe operation involving, in some instances, division 
flf the stecniuii. 

If a tumour is found and removed, a gradual improvement may be 
expected in the structure of the affected bone. This improvement may 
be judged by several radiographs in which can be seen a gradual diminu- 
tion and eventual disappearance of the c)'stic spaces, while the whole 
cortex becomes denser and more normal in appearance. ^Tien this 
stage has been reached serious deformity, which has developed as a result 
of bone softening, or of the intercurrent fracture, may be dealt with by 



398 GENERAL AFFECTIONS OF BONE 

osteotomy or inoulditig, union aRer tlie osteotomy occurring at the 
normal rate. 

Localized Type 

Localized bone changes, indlatiiiguisliablefroni those of the generalized ' 
type, may be present for many years svithout the development of the 
calcium changes, and, as a rule, witliout any parathyroid tumour. 

[— — - ^ Clixicad History 

Aching pain in the affected area is 
the usual indication of the presence 
of the disease. OccasionaWy, fracture 
through the site of the disease may 
be the first indication of the abnor- 
mality (Fig. 180) 

PATnoLocjy 

The pathological changes are iwually 
identical tnth those seen in the general- 
ized tjqie of the diseose, the only 
difference being a considerable enlarge- 
ment of one of the cptic cavities. Tliis 
is usually lined by fibrous tissue sur- 
rounded by a thin laj-er of sclerosed 
bone. The contents of the cyst are 
reddish-brown, vn.scular, connective 
tissue, whilst the bone external to the 
sclerotic rim shows the same altera- 
tions as those of gencralirod osteitis 
fibrosa. 

Radiographic Appearance 
Fia 180— l/5calizcd The bonc surrounding the cystic 

Di"ea«tf, showing the fracture josi canty b usually thinned Ollt aild 
M„. th.. h™,l Ot th. f„,„ „ siieii, „,„y 

project for a short distance into the 
neighbouring iiealtliy bone (Fig, 181 a and A), from which it is clearly 
differentiated by tbe localizing sclerosis. 

TltEATatKOT 

Occasionaffy conipfefe cDsappearance of (he disease fo//ows the Aeahng 
of a fracture which has occurred through a cyst. As a rule, however, 
although liealing may take place at the fracture level, the disea.se continues 
to progress either upwards or downwards, a complication which neces- 
sitates an operation for clearing nut the disease by curettage of the lining 
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wall of the cyst. After removal of the contents and the lining membrane, 
the cavity may be filled by a bone graft or numerous bone chips. These 
not only fill the large space, but act alM) by stimulating bone formation 
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formation may be stimulated by crushing in the walls of the c^-st, thus 
partially obliterating the cavity. 


nEh'AL DWARFISM OR REN^iL RICKETS 

The association of pathological changes Jn the kidnep, nith diminished 
growth, and with deformities closely resembling those bf rickets, has only 
been recoguired during the past 30 years. 

Clinical History 

After an apparently normal cliildhood the patient — at the age of 
8-12 years— in the course of a few months develops a severe deformity 
of knock-knee or bow leg. The child is much below the normal size 
and neight, being usually 6-8 inches less m height, and 1-2 stone lighter 
than the average child of the same age. The urine is abundant and of 
low specific gravity ; dye and conceutration tests show that the renal 
elBciency is lowered, while the percentage of blood urea is considerably 
raised, being from 100 to 250 mgm. per cent. On inquiry it is found that 
for a long time the child has suffered from excessive thirst, of which no 
particular notice has been taken. 

Radiographic Appearances 

The radiographic appearances of (he affected bones are qiute distinct 
from those of ordinary rickets The epiphyses, unlike those m the rickety 
child, appear to be normal m structure and in sbape, being regular and 
clearly defined , the ends of the diaphyses are spread out and cup- 
shaped. while the space between the normal epiphysis and the widened 
diaphysis is considerably increased (Fig 169) 

Prognosis 

Tile disease is almost invanably fatal, death usually occumiig during 
the period of adolescence. At the post-mortem the Iddnep show signs 
of extensive interstitial nephritis, with occasional cyst formations. The 
chief interest in the condition, from the surgical point of view, is the 
necessity for its recognition, os any attempt at operntiou under anirsthesia 
will most probably end in a fatality Verj' occasionally the patient 
appears to outgroiv the disease, tlie amount of urine secreted diminishes, 
the radiographic appearances become normal, and the patient appears to 
have completely recov'ered. 

Treatment 

Moulding of the deformities by means of splints, or the wearing of 
irons, tnnj occasionallj’ be advisable. 
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AQTtOUEGALY 

A disease which first appeara in adult life after skeletal growth has 
ceased, and characterized by enla^ement of the hands, feet, head and 
face. The bones of the extremities show some slight increase in size, but 
the changes affect chiefly the soft tissues. 

The disease is always associated with a tumour of the pituitary body. 
This tumour is usually a simple adenomatous enlargement of the anterior 
lobe of the gland. With the enlargement of the soft tissues the head is 
particularly involvetl, the orbital and zygomatic arches becoming more 
prominent, the nose increased in size both transversely and vertically, the 
ears being large and the lower lip prominent. The hands and feet are also 
distinctl}' enlarged, and the patient’s movements are usually slow and 
cumbersome. As the tumour enlarges it may, on account of its size, give 
rise to constant headache, for which advice is commonly sought. 

Treatment 

In the early stages of the disease a successful removal of the pituitary 
tumour results in the arrest of the disease. In the later stages sympto- 
matic treatment may produce some relief of symptoms. 

OSTEOMALACIA 

The term osteomalacia is used to describe a condition in which, owing 
to some unknown cause, there is a general absorption of lime salts from 
the bones, which become extremely thin in texture, bending easily and 
frequently fracturing from slight violence. As a rule, the condition occurs 
in women and is apparently related to pregnancy. After childbirth the 
progress of the condition may cease, but it again becomes active on each 
succeeding pregnancy, especially if\hese occur at short intervals. 

Another type of the disease occurs occasionally in children or in young 
adults. In the radiographic appearances and the clinical signs this tj-pc 
is identical with the more common variety. 

Etiology ^ 

Owing to the close association of the disease with pregnancy it has 
been suggested that the disease is caused by an endocrine <listurbance, 
originating in the ovary. This explanation may apply to the more 
common tj’pc but it cannot be applicable in everj* case. 

Cunical History 

As a rule, the patient, a pregnant womau, complains of gradually 
increasing pain and aching in the loin and pelvis, associated with a general 
muscular weakness and, in the later stages, with extreme deformities of 
the skeleton due to softening and fractures. 
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Pathologv 

The bone changes are cartsed by a generalised disappearance of lime 
salts Ixotn their structure ; the cancellous bone disappears and is replaced 
by vascular cellular tissue, in which osteoid tissue is deposited. The bone 
at this stage is e-xtremelysoft, andean be cut by a tnife. Tie periosteum 
is thickened and hyperoimic ; the Haversian canals are increased in size 
and may be lined by weak osteoid tissue. Opts may be present at any 
part of tbe affected bone. 

Diaoxosis 

In the common type occurring in a pregnant woman, the gradually 
increasing deformities an<l the peculiar radiograpliic appearances of the 
bones, which cast a very poor shadow on the film, are quite sufficient to 
differentiate the condition from other general bone diseases. 

UTien encountered in children considerable difficulty may be e-v- 
perienced in differentiating the condition from fragilitas ossiiim. Diag- 
nosis rests on the occurrence of bending of the unbroken bones, uliicli is 
80 common in osteomalacia. 

Treatment 

Endocrine therapy, although persisted in, has been of little or no 
value. Open air, good food and exercise, within the strength of the 
patient, will increase the general metabobsni and lead to an improvement 
in the disease itself. 

As the condition is so commonly associated \rith pregnancy tho 
removal of the ovaries, or the destruction of their activity by means of 
deep X-ray therapy, holds out the greatest hope, and has on many occa- 
sions led to a complete cessation of the prt^ess of the disease, an improve- 
nient which did not occur aiuler atty other form of treatment. 


DYSCIIONDROPLASIA Olt DIAPHYSEAL ACLASIA 

This condition, which is congenital m origin, occurs more frequently 
in males than in females. It is characterized by the presence of multiple 
bony outgrowths, which arc present tow'ards the end.s of the long bones, 
in a patient wlio is shorter than normal and to whom the description of 
“dwarf” IS frequently applied. An interesting clinical feature is the 
frequent famihal tendency shown by this disense, which has been known 
to occur in four generations of one fanuly. 

PATHOLOfir 

Tlie pcfhologica! clianges are seen at tliose sites where the two t;pes 
of bone formation from cartilage and membrane come together. The 
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disturbances of growth are greatest in those regions where gro^vtli is 
normally most active ; thus, the shoulder, wTist and knee areas show the 
greatest changes. 

At the ends of the diaphyais, dose to the epiphyseal line, the surface 
of the bone cortex is brolren, with the result that the cancellous bone 
protrudes in one or several directions, forming oi^eous outgrowths of 
irregular shape. This abnormal mass is, up to the age of 20 years, 
covered by a cap of cartilage, which may act as an epiplij-sis and may 
continue to grow. As growth proceeds the bony tumour, a hich, developed 
near the epiphyseal line, may become separated from its place of origin 
by the groivth of healthy bone between it and the epiphyseal plate. The 
ends of the diaphyses also show great 
irregularity, isolated areas of irregular 
placed bone cells being separated in parts 
by islands of cartilage {Fig. 182). 

CutncAL PicTunn 

The patient is usually small but quite 
strong and active. The disturbances of 
growth, ivhich have led to the formation 
of osseous tumours, have also resulted in 
a diminution in the normal groa’tb of 
the long bones. The tumours themselves 
osually cause little or no inconvenience, 
but, if abnormally large or if pressing on 
some important structure, they may re- 
quire operative removal. Occasionally 
also, removal of one or more of the bony 
tumours is demanded by the patient on 
account of the obvious deformity of an 
area, such as the %viist, which is un- 
covered by clothes. Otherwise no treat- 
ment is necessary. 


OSTEOMYELITIS 

Pyogenic infection of bone, or osteo- 
myelitis, is invariably the result of the 
deposit and groM'th of organisms m the 
bone tissues. Any t}^^ of pyogenic organ- 
ism may be responsible for the tUsease, 
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ance of the tissues, rather than on any speciBc action peculiar to one 
particular t}'pe of organism. 

Although almost any type of organism may be responsible for the 
onset of osteomyelitis ; the disease in at least 75 per cent of cases is the 
result of infection by flic staphylococcns aureus. Almost identical signs 
and symptoms follow the growth of the streptococcus, pneumococcus, 
bacillus cob', and many others, and it is impossible from the clinical signs 
of osteomyelitis to determine the type of organism which is responsible 
for the infection. 

Tlie infection may reach the bone by . 

1. The blood-stream, which c.arries the organism from a distant source 
of infection, commonly an infected pustule. 

2. Direct spread from a neighbouring infected area. 

3. Punctured wounds or compound fracture. 

Although most of the organisms which cause the disease are normally 
present m tlie body, they only settle and produce osteomyelitis luider 
favourable couditious. Ideal conditions for the dev elopment and grow th 
of the bacteria commonly follow local injury, vrlien there is developed an 
area of lowered vitality, in the centre of which lies a hsmatoma, which 
forms an ideal bed for bacterial development Any strain or injury to 
the bone, not sulBciently severe to produce a fracture, eserts its maximum 
effect on the epiphyseal plate and on the highly vascular neighbouring 
portion of the diaphysis. 

It would seem that, in ad<lition to the presence of the infecting 
organisms and conditions suitable for their growth, tlicre is usually also 
a third factor of a poor genera) resbtance on the part of the patient. 
This appears to he an important predbposing came of the disease, as 
evidenced by the fact that acute osteomyelitis develops almost invariably 
in children who arc improperly nourished, and who live in crowded 
insanitary conditions 
Occurrence 

Acute osteomyelitis is earentially a disease of chtidhood, at least 
80 per cent of the cases not caused by open wounds occurnng in the hrst 
10 years of hfe. Bo>’S are more frequently affected than girls, in tlie 
proportion of 4 to 1, and although any bone may be the site of disease 
'the infection is found more commonly in the tibm than m any otlier 
bone. Its more frequent occurrence m boj^, and its predilection for the 
tibia, suggest strongly the great influence exerted by injury as a jire- 
n’lsposing /iictur u/ tie 
Site and Course of Infection 

The usual primary site of infection in acute osteomyelitis is the meta- 
pbyse.aJ area, the highly vasenJar portion of the diaphysis which lies in 
contact with the epiphyseal plate. This may be accejited as tlie common 
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site of deposit and growili of the infecting bacteria, from which spread 
may occur in several directions. Instances of infection starting in the 
middle of the bone are not uncommon, and are probably the result of 
direct trauma, followed by blood-borne infections of the injured area. 
Depending on the virulence of the infection and on the power of the 
patient’s resistance, the course of the disease varies from an acute spread- 
ing infection of the whole bone, with great prostration and high tempera- 
ture, to a localized invasion, in which the infected area becomes sur- 
rounded and shut off by a ring of bone sclerosis, a condition which is 
aecompanfed by few signs of general septic infection. 

^Vs a rule, from the primary focus in the metaphyseal area, the infection 
spreads along the medullary canal, and from this through the perforating 
channels of the cortei of the bone, to form a sub-periosteal abscess. 
Occasionally the spread is almost entirely confined to the cortical and sub- 
periosteal region, in which a large abscess may be present with little or 
no medullary invoU’ement. On the other hand, the infection may spread 
Avidely along the me<lulla without showing much sub-periosteal involve- 
ment. According to Starr, this is not the usual route taken by the 
spreading infection ; he believes that from its focus m the metaphysis 
the infection spreads under the epiphysis to the sub-periostea! area. 
Here it may remain localized or may spread for some distance. Fre- 
quently from the sub-periosteal infect^ mass, bacteria enter the medulla 
through the Haversian canals, and secondary infection of the medulla at 
a distance from the primary focus is developed in this manner. 

As the infection spreads, the vessels entering the bone from the 
periosteum become thrombosed, leading to an aniemia of the infected 
bone with the eventual necrosis and death of the part so isolated. If the 
infection ha.s become diffused, and has extended afi round the bone under 
the periosteum, this necrosb of bone may be complete and the whole shaft 
may form a single sequestrum. As a rule, the area involved is localized, 
and one side of the bone or even a superficial layer alone may become 
cut off and form a sequestrum. When the bone infection has been 
present for some considerable lime the deep lajTjr of the periosteum, the 
active bone-forming tissue, thro^ra out from its surface new bone to form 
a complete or partial envelope of new bone, extending over the outer 
aspect of the sequestrum. This new shell or involucrum is usually 
incomplete, being punctuated by opening called cloacaj, through which 
discharge from the necrotic mass may reach the subcutaneous tissue and 
the surface of the limb. 

CmacAL History 

With or without a definite history of injury, there is usually a story of 
rapidly increasing pain and tenderness m the affected area, with a con- 
tinuous deterioration of the patient’s general condition. The tongue 
becomes furred, the temperature is rais^, and, depending on the resist- 
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ance of the patient and the virulence of the infection,* the acute sjuiptom^ 
may settle down, or the child may become steadily worse and eventually 
pass into a state of coma. The alTected limb gradually becomes more 
swollen and red, with a generalized tenderness, which is more severe over 
the affected hone, especially round the area of primary infection. 

Examination of the blood indicates a considerable increase in the 
leucocj'tic count, the figure sometimes being as higJi as 25,000, but, in 
the very acute infections, in which the child’s resistance is particularly 
low’, the leucocyte count may^ normal or even sub-normal. Patho- 
logical organisms are usually found in the blood during the whole course 
of the disease. If the disease progresses, the local signsaresoonobscured 
by the deterioriation of the patient’s general condition, and the final stage 
is, as a rule, ushered in with dehriiim, coma and extreme hyperpj'rexia. 

If, in tlus extremely acute type, the area of infection is opened, it will 
he found that no pus has been formed, the whole iione being bathed m 
a serous e.vudate, which is present under the penosteum and sunounds 
the bone completely. These cases of extremely acute infection, although 
fortunately rare, have a very high mortality rate. 

DtfrERENTUL DugNOSIS 

The two clinical conditions which give rise to most difficulty in 
cUfferential diagnosis are rheumatism and cellulitis. 

Rheumatism. The clrngnosis of rheumatism is unfortunately too 
frequently gis’eu as an e.rplanation of persistent pain and rise of tempera- 
ture The differentiation between the two conditions should he com- 
paratively simple. In osteomyelitis tlie pain is localized to one area and 
does not flit about as in rheumatism, and the swelling and tenderness are 
localized over a bone and not over a joint. Examination of the blood, 
and appreciation of the great increase of white blood corpuscles, should 
dispel any doubts m tlie less acute infections. 

Cellulitis. Tl;e preseDCe of a widespread celJuhtis over a biiib may 
cause considerable doubts as to the correct diagnosis. In some cases 
differentiation from acute osteomyelitis is extremely difficult, but the 
absence of the localization of the swelling to the region of the bone, the 
equal involvement of the soft tissnes all round the liml), and the fact that 
tenderues.s is not so extreme, all help to indicate the diagnosis of cellulitis. 

Tbeatmest 

The ty'pe of treatment which should be adopted m any case of acute 
osteomyelitis depends on several fectore, of wfiicfi tlie tolTowing are t'Ae 
most important : 

1. The site of the disease. 

2. The age of the patient. 

3. The duration of the infection. 
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1. The Site of the Disease. Infection occurring in cancellous 
hone, such as the os calcis, the ilium or the great trochanter tends to be 
niore localized and less virulent than that occurring m the long bones. 
For this reason operative interference should as a rule be postponed and 
may be rendered unnecessary by the administration of penicillin during 
the period of observation. 

Small doses are of little \'aluc ; they obscure the clinical signs and do 
not prevent* spread of the infection. At least 500,000 units should be 
given daily for a period of 3 weeks, and during tliis waiting period the 
affected area must be immobilized and protected. 

2. The Age of the Patient. When verj' young children are affected 
by acute osteomyelitis operative interference is usually unnecessary and 
inadvisable. When first seen the child is alw’ays dehydrated, a condition 
which causes very poor resistance. The general condition is rapidly 
'improved by the administrations of fluids both by mouth and intra- 
venously. With the improvement of the general condition the mfection 
become localized and, as a rule, an abscess appears and opening becomes 
necessary. 

^Direct treatment of the infection depends on the adnimrstration of 
penicillin, which should be given to the extent of a quarter of a million 
units daily. Even tlie.se apparently largo doses produce no di effects 
and, as a rule, opening of the area of infected bone is not required. 

3. The Duration of the Infection. The prognosis depends largely 
on the length of time which has intervened between the onset of the 
infection and the commencement of treatment, although it is to some 
extent also dependent on the virulence of the infective organism and 
the resistance of the patient. 

The discovery of the beneficial efl'ects of penicillin has greatly modified 
the lines of treatment which should be employed in combating acute 
osteomyelitis. Before penicillin therapy was recognized and accepted 
much discussion took place on the advantages of the different surgical 
methods of dealing with the bone infection. 

The methods in general use were : 

1. Complete immobilization o/lfietn/ected limb in a plaster case until 
the disease became localized, when removal of extensive sequestra 
was usually nece&sary. 

2. Glittering of the infected bone, by which was meant the removal of 
a wide strip of cortex from the infected area of bone, the limit of the 
removal being the point at which the periosteum was normal in its 
attachment to the underlying bone. 

3. Subperiosteal resection of the whole of the infected bone, an ideal 
method of removal of all infected tissue, but if carried out before the 
deposit of new bone from the periosteum, usually followed by non- 
union. 
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4. Metaphyseal driUittg as advocated by Starr of Toronto, the 
object being the provision ofalineofracapefor the infective organism. 

Treatment of acute osteomyelitis consists primarily in the administra- 
tion to the patient of adequate doses of peoicillm, the recognized dosage 
being 500,000 units per day for a period of 3 weeks. This is given by 
injection every 4 hours and the administration does not seem to upset 
or worry even the youngest patient. By the use of smaller iloses the 
temperatures can be controlled and the general condition oi*the patient 
improves, but the spread of infection continues. 

In every instance of acute osteomyelitis in a patient of more than 
1 year of age, metaphyseal drillmg should be used in the infected area. 
Proof of the value of drilhng is gained by the work of JIcKee and of 
Tucker and Hollenburg, whose figures demonstrate clearly that by 
drilling, spread of the disease is prevented and recurrences of bone 
infection are minimal. 

Metaphyseal Drilling 

The site of infection b first determuied before the administration of 
anesthesia and an incision made over this aspect of the metapbysU doK n 
to the periosteum. This may be found sivoUen and infiltrated and this 
localiz^ inflammatory area can be taken as on indication of underlying 
infection. Cutting and elevation of the periosteum is not necessary or 
advisable ; the drill should be placed on the periosteum close to the 
metaphysis and the periosteum and bone drilled at this point. 

Drilling at too great a distance from the metaphysis is a common 
error and cannot give relief at the desired point. \\’hen pus has been 
found further drill holes may be added slightly more distant from the 
metaphyseal plate, ^^'hea three or four drill holes have been made m 
the line of the bone, the operation should be completed by suture of the 
skm wound and immobilization of the limb. 

The results obtained by this line of treatment are immeasurably better 
than those following drilling or guttering of the bone without tlie use of 
penicillin, and following this procedure the cluld may leave hospital in 
4 weeW and may return to school in another fortmght. 


CIinONIC OSTEOMYELITIS 

Persistent discharge from an area of bone infection over many months 
oryears is due, in most instances, to the presence m the bone of a l.arge 
cavity lined by granulation tissue in which there may be one or several 
sequestra. Clironic osteomyelitis of this type with persistent discharging 
sinus may follow on acute osteomyelitis of one of the long bones, but is 
seen more frequently following infection of a cancellous bone. Thus, 
osteomyelitis of the great trochanter, lower end of the femur, or upper 
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end of the tibia, is often followed by a clironic di'^charge, persisting for 
20 or 30 years, with little or no variation in 
its amount or in the condition of the patient. 

Treatment 

Unfortimatcly the great benefit which 
is obtained by the use of penicillin in 
acute osteomyelitis is not seen following 
its administration to a patient safTcring 
from chronic osteomyelitis. As a result of 
the long-continued i^ection of the area the 
blood supply is diminished and little im- 
provement follows the administration. 

If one or more definite sequestra can 
be identified (Fig. 183), these should be 
removed through a comparatively small 
ppeninn’ wjth good prospects of complete 
recovery, but, in the case of chrome cancel- 
lous bone infection, the metho<l of Winnett 
Orr holds out the best hope of cure. 

In this, the area is wi<lely opened up, 
any obviously infected bone being removed, 
together with a thin layer of subjacent 
healthy bone. The whole cavity is then 
dried and swabbed irith 10 per cent of 
iodine, followed by cleansing with 95 per 
cent alcohol, after which it is filled with 
vaseline-soaked gauze, and the whole limb 
encased in a complete plaster-of-Pans cast, 
which assures immobilization. The cavity 
gradually fills with granulation tissue, and 
any minute sequestra, which have been left 
in situ, will usually find their way to the 
surface of the wound. Tlie dressing and 
plaster case should not be altered for 4-6 
weeks, the only indications for alteration of 
the dressing being a severe rise of tem)>era- 
tiue, or the onset of severe pain. 

Occasionally, in spite of all methods of 
treatment, chronic osteomyelitis persists, 
and may after a long period produce signs 
of kidney infection with albumen and casts 
in the urine. If the general health is being undermined, amputation of 
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the affected limb is the only suitable line of treatment, and its applica- 
tion should not be too long delayed. 


PYOGENIC INFECTION OF JOINTS 

Infection of a joint follows the introduction of almost any of the 
pathogenic organisms. Thus, suppurative infection has followed the 
admission to the joint of such organisms as the bacillus of diphtliena, or 
the bacillus of influenza, but, ns a rule, infection is cansed by the staphy- 
lococci, pneumococci, gonococci or streptwrocci. The organisms may 
gain entrance to the joint by lymphatic spread, by pyasmic deposit from 
a distant source of infection, by direct extension of infection from a 
neighbouring area, or through the medium of punctured wounds. 

Clinical History of a Closed Joint Infection 

The. clmical hhtory of any case of joint infection varies acconimg to 
the resistance of the patient, and the particular organism which has caused 
the infection, although, in most cases, it is impossible to decide by clinical 
means alone the type of organism whidh ha.s produced the infection. 
The almost invariable reaction of a joint to the admission of organisms 
is the outpouring of fluid into its cavity. This fluid varies, and may be 
of a serous, eero-fibrinous or purulent cliaracter Thus, any of the 
common infecting organisms may, under suitable circumstances, lead to 
any of these three tjpes of joint infection, and the chntcal signs produced 
by each type vary with the extent of the destruction of the joint tissues. 

As a rale, after admission of organisms to the joint the patient's 
temperature rises rapidly, the affected joint becomes swollen, red and 
tender, movements — either voluntary or passive— arc e.xtremcly painful 
or absent, and the joint takes up a definite fixed position. When suffi- 
ciently superficial to be palpated, fluctuation can be felt and, if untreated, 
the contents may burst through the capsule and spread subcutaneously 
or on the skin surface. 

The effect produced on the synovial membrane of the jomt, and on 
the peri-aiticular tissues, varies with the particular type of infection. 
Thus, with serous effusion the synovial niembrane is infiltrated and 
swollen, the blood vessels are increased in size, but the smooth synovial 
surface is unaffected. 

AVith the sero-fibnnous type, the synovial lining is greatly thickencil ; 
fibrinous patches containing polymorphonuclear leucoGj-tes and red blood 
cells are formed on the surface of the incnibrone, the articular cartilage 
covering the bone ends remains normal, although occasionally similar 
patches may appear there at a later stage. The peri-articular tissues are 
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infiltrated with small round cells, which aho invade the ligaments and 
capsule. 

In the purely purulent infection, all these changes are present to an 
exaggerated degree, the synovia and capsule being infiltrated and thick- 
ened, the blocd vessels being dilated and engorged, and the surface 
of the synovial membrane showing areas of necrosis and fatty degenera- 
tion. The joint is distendetl with fluid containing large numbers of 
polymorphonuclear leucocytes, broken-down ted blood corpuscles and 
large numbers of the infecting organisms. If the infective process remains 
localized to the soft tissues and does not involve the bony structure, the 
condition remains as a suppurative synoNitis, but, as a rule, the articular 
surface becomes involved at a later stage, so constituting a true suppura- 
tive arthritis, which invariably leads to a generalized disintegration of 
all the joint structures. 

Joint Infection due to Penetrating Wounds 

Following the opening of a joint by a foreign body there is, as a rule, 
little general reaction during the first Vi hours, the local signs being the 
escape of joint fluid and blc^ through the wound. If the wound is not 
adequately treated in the first few hours infection of the joint is to be 
expected, the infiltration of the 8)'novia and perisynovial tissues being 
the same as that already describe in infectious of the joint. 

The success of treatment depends on the inter\’al between the injury 
and the excision of the injured tissues. As soon as possible the wound 
in the skin, subcutaneous tissues and synovial membrane should be 
excised, the foreign body, if present, Wing removed and the joint washed 
out with saline, the various tissues being sevm up m layers. If the 
operation has been performed efficiently during the first 6 hours, infection 
is usually prevented, but if delayed beyond the 12-hour mterval infection 
is the rule. Help m preventing the onset of infection in these late cases 
is given by the use of penicillin, which may be applied locally to the 
injured tissue or given by injection as in the treatment of acute 
infections. 


Treatment of Closed Joint Infection 
When definite signs of infection of a single joint are present with 
swelling, tenderness, pain and rise of temperature, aspiratiou and bacterio- 
logical examination of the joint contents are advisable. If the fluid 
removed is of the serous tj’pe and contains few or no bacteria, the joint 
should, after aspiration, be firmly bandaged over a thick layer of cotton 
wool, so that an equal steady pressure is maintained for at least 48 hours. 
A single aspiration may be suffident, but, in the presence of a recurrence 
of swelling, the aspiration may be repeated and the same routine followed 
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if the fluid removed is of the semi-innocent character. ^Vhen all fluid has 
disappeared active use of the joint b encouraged, and a restoration of full 
function is to he expected. 

SerO'fibrinous Infection 

If, after aspiration, the fluid removed from the joint shows defittite 
flakes of fibrinous material and appears turbid, simple aspiration is 
usually insufficient to prevent a recurrence. Under these circumstances, 
following the aspiration penicillin may be infected into the joint and the 
treatment continued by giving the usual daily dose of penicillin for a 
period of 3 weeks. Where the infection of the joint is not a complica- 
tion of disease of one of the neighbouring bones the result is usually 
c.vcellent, and a full range of movement may be expected. 

The infection may also be tre.ited effectively by aspiration of the 
contents of the joint followed by filluig the joint cavity with ether which 
can be injected through the same needle. The amount of ether usetl 
varies with the size of the joint, and must be injected solely into the 
joint cavity, none being allowed to escape into the pcri-articular tissues. 
Anicsthesia is essential when using this method, as the process is an 
extremely painful one, but after recovery from the aiiaisthesia little pam 
is experienced, and the patient complains solely of a feeling of distension 
of the joint. 

This form of treatment has proved to be of the very greatest value in 
the suppurative infections of the knee, shoulder and ankle, and its value 
as a therapeutic measure has been frequently demonstrated. Occasion- 
ally, after one injection of ether, there is a rapid reappearance of fluid in 
the joint ; if this occurs further aspiration and injection should not be 
undertaken, the joint should then be opened up and washed out with 
saline. 

If the joint infection is a complication of infection m a neighbouring 
area, treatment must be directed towards the removal of this disease. 
It is obvious that treatment of the joint infection alone ivill be followed 
by the reappearance of the articular infection, unless the area of disease 
has been efficiently treated. 

Opening and Washing the Infected Joint 

If the joint IS sufficiently near the surface, two incisions arc made into 
its cavity on opposite sides, the nozzle of a Higginson’a sjnnge Is intro- 
diwd ti-TALiob ADC qpp.niqo’. and the cavitv is then washed out with saline 
solution until all traces of discoloration of the fluid have disappeared. 
No antiseptic should be used, reliance being pl.accd solely on the amount 
of fluid used in the washing. No sutures should be inserted into the 
incisions, which arc left open and allowed to granulate, and no form of 
drainage tube or wick should be employed because of the great danger of 
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the development of fibrous ankyl(»is. Active movements of the joint 
are encouraged when the wound has begun to granulate, but passive 
movements should never be employed. 

Active Mobilization of Infected Joints 

Willems has suggested the treatment of suppurative joint infections 
by wide opening, followed by active movements, in order that the move- 
ment of the muscles andJ)one3 may squeeze out the purulent contents. 
Such movements are extremely painful, and the pain causetl by the 
attempts at movement has been so great that the patient lias almost 
invariably refused to persist in the effort. 


GONOCOCCAL ARTIimnS 

Tliis type of joint infection appears, as a rule, suddenly about the end 
of the third \veek of urethra! infection. Occasionally it appears at a later 
stage of the disease when the original infection is represented by a clironic 
gleet, in some cases after the rcactivization of the disease by the passage 
of instruments. The reaction produced in the joint may be of the serous, 
sero-fibtinoua or purulent type, that most commonly seen being a serous 
effusion with a considerable peri-articular mdema. The synovial mem- 
brane becomes boggy and thickened and, if the effusion is examined 
microscopic.tlly, the gonococcus may be found during the first 10 days, 
but /rarely at a later stage. 

WTien the joint 6uid is of the sero-fibrinous type the sjmovial mem- 
brane is not only thickened but its surface is covered by patchy areas of 
granulation tissue. The articular cartilages rarely escape ; as a rule, the 
surface of the cartilage is destroyed, the superficial layers being shed. 
Pit-like cavities appear on its surface, and these later become the points 
of adherence of firm fibrous bands wliich pass between the articular ends 
of the neighbouring bones. Definite purulent infection of the joint is a 
rare phenomenon. \Vhen present it produces more severe general and 
local reactions, with destruction of the articular surfaces and the forma- 
tion of particularly dense fibrous masses, and great interference with 
subsequent function of the joint. The peri-articular infiltration, which 
involves tendons, ligaments and cajeule, is an outstanding feature of all 
types of gonococcal joint infection, and when the true joint changes have 
disappeared the peri-articular infiltration may of itself produce a serious 
loss of function. 

The outstanding clinical feature of the gonococcal joint infection is the 
severity of the pain produced, even in the serous and more especially in 
the sero-fibrinoiw or purulent type. The onset is sudden and may be 
accompanied by a rigor ; the skm over the joint becomes red and hot. 
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and, if purulent infection has supervened, all the signs and sjTnptoms are 
exaggerated. 

Diagnosis 

Little difficulty is encountered in the acute tj-pe in its early stages, 
and confirmation can then be obtained by aspiration of fluid from the 
joint, hut, in the more clironic type, in which the chief clinical signs are 
thickening and infiltration of tlie synovial membrane and peris}'no\’ial 
tissues, a differential diagnosis from tuberculous infection may only he 
possible after an arthrotomy. 

Treatment 

In this disease penicillin is so effective that, after a few injections there 
is a rapid diminution in tlie swelling, pain and infiltration of the joint. 
The treatment should be contmnod for at least 3 weeks, and complete 
re.storation of movement is the rule if treatment is begun early. If 
destruction of the synovial lining and articular surfaces has already 
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occurred, the movements of the joint must be limited or lost. Locally, 
aspiration of the joint is of value, and the injection of penicillin into the 
infected joint cavity hastens the recovery. 

If after the disappearance of the acute infection adhesions have 
formed, the surgeon will have to deculc, b}' clinical and radiographic 
examinations, whether forced passive movements of the joint are likely 
to be followed by an increased range of active movements, or whether it 
is preferable to leave the joint in ita position of maximum utility with a 
sound fibrous ankylosis (Fig. 184). The decision rests largely on the 
condition of the articular surfaces, which may or may not be involved 
in the destructive processes. 

PNEUMOCOCCAL ARTHRITIS 

This condition, although rare, is occasionally seen in the course of 
some other disease, such as pneumonia or otitis media. It has been 
stated that primary or idiopathic joint infections of this type do occur, 
hut this observation is probably faulty, and the original infection has been 
overlooked. 

As a rule, only one joint is involved, the larger joints, such as the hip 
or knee, being most frequently attacked. The reaction m the joint may 
consist of a thickening and lustration of the synovial membrane with a 
serous effusion, or may be definitely purulent with extensive disintegra- 
tion of all the joint structures. 

Onset 

The onset of pneumococcal arthritis is, as a rule, not so acute as that 
of gonococcal arthritis. As the patient is usually already ill from the 
pneumococcal infection, the onset of arthritb leads to an increase in the 
general signs of infection which are already present. The joint becomes 
swollen and red ; any movements, either acti\'e or passive, are extremely 
painful and are strongly resisted. Confirmation of the diagnosis can be 
gained by aspiration of the joint, when the pneumococci can be identified. 

Prognosis 

Owing to the fact that before the onset of the pneumococcal arthntis 
the patient was already suffering from a serous infection, and had a 
diminished power of resistance, the prognosis is grave in this disease. 
In at least 00 per cent of cases reported over many years the disease has 
had a fatal result in spite of elfiaent treatment. 

Treatsient 

Aspiration of the swollen joint should be carried out at the earliest 
possible moment, because by the early removal of its infected contents, 
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it may be possible to prevent the change from a serous to a definitely 
purulent infection. Aspiration in the aerous type is usually sufficient of 
itself, but repetition of the aspiration may be necessary after 2 or 3 days 
on account of a recurrence of the effusion. 

IVlien the infection Is definitely sero-fibrinous or purulent, aspiration 
again may bo the only possible form of treatment on account of the 
patient’s low resistance. If it is possible to use any form of anasthesia, 
the joint should, after a double opening, be washed out with saline, and 
active nioveuients encouragefl when the patient is able to make the effort. 



CHAPTER XXV 


TUMOURS OF BONE 

Bone tumours may be classified according to the tissue from which 
they arise as osteoblastic, fibroblastic, cartilaginous, etc., but the simplest 
classification depends on the character of the growth, which gi%'es the 
two main sub-divisions of bony tumours : 

. (a) Simple. 

(6) Malignant. 

SIMPLE TUMOURS 
EXOSTOSES 

An exostosis is a benign tumour occurring in children between 
10 and 20 years of age, originating, as a rule, near the end of one of the 
long bones. The tumour may ^ broad-based or pedunculated, the 
latter type being the more common. In structure the- growth consists 
of laminated layers of bone, covered by a layer of cartilage which may 
show signs of calcification, the whole being surrounded by a thin 
membrane of fibrous tissue. 


Clinical Signs 

In many instances there is a distinct family historj” that similar 
bony growths have been found in several members of the same family, 
while very occasionally the development of the tumour appears to be 
associated with injury. 

Although an exostosis may occasionally be found in connection with 
almost any bone, there are certain sites which show a special predilection 
for the growth ; thus, in almost 75 per cent the tumour arises from the 
lower end of the femur or the upper end of the tibia. 

Symptoms attributable to the presence of the exostosis usually develop 
only when the tumour interferes with the normal action of the adjacent 
joint, muscle or tendon, or when, on account of its presence, a bursa 
has formed between it and the skin. 

Radiographic Appearance 

The base of the exostosis shows clearly as a continuation of the 
normal cortex of the surrounding bone, no diiTereutiation of the tumour 
tissue from the normal bone being apparent. The cartilaginous cap 
may be suggCvSted as an indefinite shadow covering the ape.x of the 
exostosis, or the cartilage may be impregnated by calcification which, 
r.0.8. 417 T 
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in the typical pictuie, sho\vs an im^tilarly rotmd cap on the »pe.x of 
the tumour. 

Etiologt 

In the caae of true so-called congenital exostosis arising in children, 
the cause of the grow-th would appear to be an inherited weakness of 
the periosteal covering of the bone. Owing to this weakness of the 
limiting membrane part of the underlying cartilaginous bone escapes 
from its normal envelope, enlarges and forms the new growth. After 
the development of the excettsis the continuation in the growth of the 
parent bone leads to the displacement of the tumour from its original 
site, BO that eventually it may appear at some considerable distance 
from the active growing end from which it originated. 

Treatment 

As a rule, a atnall exostceis causes no disability or pain to the patient 
and does not reqxure treatment. If, owing to its situation, function is 
interfered ivith, or pain is caused by pressure, the tumour should be 
removed. 

In its removal the cartilagiuous cap and the fibrous cover should 
be removed in one unbroken piece, together with the tumour and the 
eiihjscffat spes of aonnsi bone, the rair sarfsce of hone }eh &{tee opera* 
tion being hammered, or covered with Horsley’s wax, m an effort to 
prevent re*foimation of the bony tissue. 


CnONDBOMATA 

The tj’pical chondroma, which may be single or multiple, js a simple 
tumour occurring most commonly in the small hones of the hands and 
feet. In the phalanges it occurs as a soioath cavity in the affected bone, 
Burroxuided by a shell of cortical bone. 

Radiographic Appearances 

These show a centrally placed cysttc cavity in the affected bone, 
surrounded by a thinned and expanded cortex. As a rule, no trabecnlte 
are present in the cavity, although faiut lines may occasionally 2>e 
visible (Fig. 185). No other tumour produces central bone destruction 
in a phalanx so frequently as chondromata — bone cj’sts and giant-ccII 
tumours, which pnxluce somewhat similar radiographic appearances, 
occurring more frequently in the metacarpab and metatarsals. 

Chondromata are also found ooeasiORally in other situations, the 
costochondral junctions or the steraiun itself being the moat frequently 
affected, although growths of similar tjpe are found m the long iKines 
and in the scapula or pelvis. 
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Fio. IS5. — CbondroiDA of Shuft of 5th Metacarpal. 

Mlcroscopicalty 

The turnout luay consist of a single solid cartilaginous mass, or may 
be divided into sections separated by fibrous septa. In these sub- 
divisions of the cartilagtnous grovrth, gelatinous material of a nryxo- 
matous type is frequently found, whilst occasionally calcification occurs 
in the fibrous lamella;. 

History 

As a rule, progress of cliondronia is that of a true simple tumour, 
which gives rise to symptoms only on account of its position or size. 
Occasionally, owing to an alteration lu the nature of the growth, it 
undergoes expansion ^yJth a rapid de'^lopment of its local signs and 
B}Tnptoms. Thus, a tumour which has remained simple for many years 
may, without apparent cause, be con^■e^ted into a chondromyxoma, a 
chondrosarcoma, or a chondrorayxosaicoma, a change which gravely 
alters the prognosis and modifies the line of treatment to be adopted. 

Treatment op Chokdrojiata 

If causing pain or disability the cartilaginous tissue should be removed 
by operation. The caritj' of the tumoor is easily opened through the 
tliinned cortical bone, the contents are then evacuated by the use of a 
p.o.s. p* 
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spoon, find the adjacent bony walls crnsljed inwards to diminish tlie 
size of the cavity, an<l to stimulate its closure by new bone formation. 
The possible prevention of the redevelopment of the tumour by the 
U30 of thermal or chemical agents on the caA-ity valh is still under 
discussion, although it would appear tliat such agents can deal only 
with the surface tissue. Occa^onally, when a very large cavity remains 
after removal of the tumour, its extent may be diminished, and bone 
formation stimulated by the imphintation of one or more autogenous 
bone chips or grafts. 


BENIGN GIANT CELL TUMOUR 

Benign giant cell tumour is essentially a disease of young adult 
life, and is closely related in its site to the position occupied by an 
epiphysis, wliere osteogenesis by cartilage kis taken place. The tumour 
appears niost commonly between 15 and 30 years of age, the most 
frequent sites being the lower end of the femur, the upper end of the 
tibia, and the lower end of the radius. 

History 

A history of trauma is frequently obtained m the examination of 
such a tumour. JIany instances of the gradual development of n giant 
cell tumour following injury have been discovered, and proved by a 
senes of radiographs taken at intervals following an injury, which 
apparently produced no lesion of the bone. Although the tumour leads 
to exjiansion of the parent bone, and may perforate the cortex at one 
aide, it rarely leads to secondary deposits, local recurrence after operation 
being considered as evidence of imperfect remosTil. 

CuKicAn Features 

Gradually increasing discomfort ratljer than 2 },iin develops over the 
site of the growth. The tumour increases in size and usually interferes 
srith the function of the neighbounng joint. Fracture tlirougli the 
weakened bone may occur m tbe later stages, or may he the first indica- 
cations of the pathological change. 

Radiographic Appearances 

In the radiograph a cavity appears near the articular end of one of 
the long bones •, this cavity is not clear cut ami rounded like a chon- 
droma, but is essentially irregular in outline with extremely thin cortical 
bone, which, as a rule, remains unbroken until a \cry late stage. 
Trabccul® may be seen to traverse the growth m its early stages, but 
until increasing size these tend to disappear (Fig. 18S). No jieriosteal 
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Kio. 186. — BcniTo Giant Tdl 'rumour, lover end of femur, rhoving tj^iieal 
ejipearAncc in\olrtng the whole of the loner end of the Ijone. 


reaction is produced liy the presence of these tumours, whilst there is 
a well-marltecl line of cleniarcation Iietween the tumour and the healthy 
neighbouring bone, two points of great importance in the differential 
diagnosis of giant cell tumour from o.steosarcoma. 

Appearance of the Tumour 

Macro fcopicalhj the tumour is very htrniorrhagic, varying at different 
parts from red to black , fibrous septa can be .seen e.xtending inwards 
from the capsule. 

MicTo^copicalhj the tumour is compose<l of small round tells mtb 
large nuclei and little cytoplasm, between wluch are embedded large 
multinuclear giant cells. These arc present in large numbers and have 
many nuclei, and can be distinguished from the more scattered giant 
cells, containing few nuclei, which are found in osteitis fibrosa and 
osteogenic sarcoma. In many areas the tumour shows signs of old or 
recent hseiaorrhage, « hile thin-wailed bloori ves.sels tra^'cnse its substance. 

Treatment 

The tj’pe of treatment which should be employed depends largely 
on the situation of the tumour and on the stage at which treatment 
has been instituted. \\Tiere the affected bone is not too widely destroyed, 
curettage of the growth is usually adequate. In advanced cases, par- 
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ticnlarly when the tumoiu* affects the fibula, ulna or radius, resection 
of the affected bone is prolwbly the beat form of treatment. When the 
tumour has recurred after efficient curettage, resection of the affected 
bone is the treatment of choice, unless the bone affected be the tibia 
femur, or humerus, where resection is usually followed by a flail and 
useless lirab, ’When one of these three bones w the site of a recurrence 
further clearing out of the cavity is advisable, and this procedure may] 
wth advantage, be followed by filling tlie cavity with large bone chips! 
ITlien infection has occurretl at the site of operation, or when by e.ttcn- 
sive destruction of bone the limb is rendered useless, amputation is 
adsisable and should not be delayctl, 

WTien the sl:uli, spine, stemiini, etc., are affected, deep X-ray therapy 
may be employed, but without any great assurance of cure of the 
condition. 


MALIGNANT TUMOURS 

OSrBOffEA'JC SARCOMA 

This term " osteogenic sarcoma ” js now generally iiseil to include 
the two older subditnsions, periosteal and endosteal sarcoma It has 
been commonly accepted that such a term, which is used to indicate 
the origin of the tumour from bone-forming cells, is preferable to the 
older descriptions 

The commonest sites for the development of osteogenic sarcoma are 
the region of the knee, including the lower end of the fenmr and the 
upper end of the tibia, and the shoulder, where the upper end of the 
humerus and scapula are affected. Frequently, m association mth true 
earcomatous tissue, various other elements are found in the growth; 
these include bone, connective tissue and cartilage, of which the most 
common is the cartilaginous element. 

From this fact, and from a consideration of its common site of origin 
in the tliaphysis, it would appear that there is a close relation between 
the origin of this type of malignant growth and of the simple tumours, 
such as chondromata and osteomata From its site of origin the tumour 
extends tlirough the cortex of the bone and along the medulla. As it 
pierces the cortex it is at first held m check by the jieriosteum, but 
gradually this is raised and the tumour extends widely, to be arrested 
at the attachment of the periosteum at the cpiph}*seal line. In its 
spread along the medullary cavity it gradually absorbs tbe bone trabe- 
cula?, with the result that the cawty of the medulla becomes filled with 
a highly vascular tumour mass, which may extend up to, but not through, 
tbe epiphyseal plate. 

Microscopically the tumour varies aocacdmg to the amount of cartilage, 
bone and blood vessels contained in it— a circumstance which has given 
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rise to the description of turaonra as chondrosarcoma, osteosarcoma or 
'the so-called mahgnant aneurism of bone. Fimdamentally the tumour 
cells show the very earliest stages of cartilage formation from con- 
nective tissue ; in fact, the tumour tissue may be said to represent 
the earliest fjiie of undifferentiated connective tissue concerned %vith 
ossification. 

The cells commonly found are the small spindle-shaped fibroblasts, 
large polyhedral cells and small round cells. No one type of cell is 
found to the exclusion of the others, different parts of the tumour occa- 
sionally showng a preponderance of a different type of cell. The inter- 
cellular substance may be scanty or pleutiful, and may consist of myxo- 
matous, cartilaginous, osteoid or osseous tissue ; giant cells are found 
occasionally, especially in the rapidly advancing or ostcol^'tic tumour, 
and between the cell masses lie the thin-walletl blood vessels. 

Clixicai. Sicks 

The patient Is usually in the second decade of life and complains of 
a steadily increasing swelling near the end of one of the long bones, 
the enlargement being 8S.sociated with considerable pain of an mter- 
mittent type. There may be a reliable history of injury between 1 and 3 
months before the onset of the growth, but in many instances no such 
histor}' is available. AVhilst the patient’s general condition is invariably 
good up to a late stage of the disease, ansetnla is a characteristic feature, 
while locally the skin becomes thinned and stretched, and is usually 
traversetl by enlarged veins. The temperature may be raised to 100 or 
102 degrees Fahrenheit, and the blood picture shows a leucocjtosis with 
the wWte cell count between 12,000 and 15,000. 

jUtbougb fracture of the bone may occur through the diseased area, 
the complication is not so frequent as in the case of cyst of bone, 
probably because u.se of the limb is more restricted on account of the 
pain. At a late stage general dissemination of the growth commonly 
occurs and, whilst the lymphatics take some part .in the spread, the 
main channel is through the blood-stream. Pulmonarj' metastases are 
especially frequent, and with the rise of temperature, leucocytosis and 
persistent cough a mistaken diagnosis of pneumonia may easily be 
made. 

Radiographic Appearances 

These naturally vary according to the tj-pe of gro'n'th present ; thus, 
the appearance of osteolytic sarcoma, with its nibbbng away and per- 
foration of the bone shell, may easily be mistaken for a bone cyst. Again, 
in the sclerosing type of sarcoma the radiograph shows a dense mass of 
new bone, which tends to destroy the normal bony markings (Fig. 187). 
The periosteum is raised at the edge of the growth, and at this point 
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Fic 1S7 — Ontfogenic Sarcoma of llie Hun>«ru« with “aun-M.v" ajjfPflniJin' of 
penoMeum 


between tlie bone anil the tumour a triauj^kr mass of new bone appears, 
and from t?ie surface of the l/one radiatmg spicules of ncir bone project 
outuards at right angles to the shaft, ghing the characteristic sun-ray 
appearance. 

There are, however, certain features which arc jiresent in all the 
pictures. Thus, the affected bone shows l>oth destniction and ne« 
bone formatmn , the soft tissues can be seen to be infiltrateil, and tlie 
raised penosteuTn is indicated by the presence of a triangle of new hone 
at the edge of the growtli. 
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TBEAnrENT 


The treatment of osteogenic sarcoma is verj' unsatisfactory, and the 
outlook for the patient is particularly bad. The available forms of 
tjeatroent are : 

1. X-ray therapy. 

2. .tVmputatioii or Resection 

3. Injection of Coley’s Fluid. 
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X-ray Therapy. The treatment of bone sarcoma by a course of 
deep X-ray therapy may, in shflfnl hands, lead to sclerosis of the tumour, 
■with increase of the fibrous tissue stroma, or even increased bone forma- 
tion leading to a retardation of the rate of growth, but, whilst such 
treatment may retard the growth of the primary tumour, it cannot 
prevent secondary metasta^es and cannot, therefore, prevent a fatal 
result. 

At best, X-ray therapy is used as an adjuvant to surgery. A pre- 
liminary course raaj’ render operative removal of the growtli or amputa- 
tion less liable to be followed by recurrence, and after operation radiation 
of the chest seems to act as a mild preventative against the growth of 
secondar}’ deposits. 

Operation. The only operation which is justifiable in the treat- 
ment of sarcomata involving one of the Imnes of a limb is amputation. 
Even w'hen this is carried out soon after the rccogm'tion of the tumour, 
secondary growths may have already occurred in the lungs (Fig. 188). 
In spite of this the operation is usually necessary for the removal of the 
source of constant pain. Amputation has one other advantage, it 
prevents the (le\'elopinent of a protruding fungoid mass with a persistent 
blood-stained discharge, t!ie dressing of wliich is an extremely painful 
process, which mates the patient’s life miserable. 

Injection of Coley’s Fluid. The treatment of sarcomatous bone 
grosvths by the development of acute inflammation in the neighbouring 
tissues was suggested by Coiey, as a result of his observation that, follow- 
ing local erj-sipelatous infection, a tumour in the neighbourhood either 
disappeared, or its rate of growth was retarded. Coley’s fluid, which 
is used in tins treatment, consuls of a mixture of baciUu.s prodigioaus 
and bacillus erysipelatus. The fluid is injected into the neighbourhood 
of the growth, and into the growth itself, in such quantity that a very 
severe general reaction is produced. Unless the reaction is severe the 
effect of the injection is nil. The reports of cases treated by Coley are 
so good that the treatment deserves further trial. 

EWINO'S TUMOUR 

This growth, which is ako described under the titles of endothelioma 
or endothelial myeloma, has only been recognized as a clinical entity 
during the last 30 years. It is usually seen m patients between 15 and 
25 years of age, males being affected more commonly than females, and 
Its ocuomnnaj is- cwsfiiwv? largely tlte Aswg' Ava’iW, fl'C t.'lis, .fihuk 
and femur being tbe most frequent sites of growth. 

The tumour glow's almost invanably in tlie middle of the shaft of 
the bone, starting in the marrow — a site which distinguishes it from 
the osteogenic sarcomata and from the cysts of various types. In 
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structure it is semi-solid and of a greyish white colour, areas of hnemor- 
rhage and cj'st formation being comparatively couunon. lu its progress 
the tumour extends along the medullary canal, destroying the lamellte 
of the bone, and giving an appearance somewhat similar to that of a 
sub-acute osteomjTjIitis. It extends also through the Havereian canals 
and reaches the siirface of the bone, new hone being laid down from 
the periosteum in plaques parallel to the surface of the bone — a con- 
dition which has been well described na “ Onion-layers." As the tumour 
increases in size the innermost layers of new' bone are absorbed, wliilst 
new layers of bone ate deposited on the outside, thus leading to a gradual 
increase in size of the tumour. 

In structure the tumour consists of small round and polyhedral cells 
arranged in solid masses. The intercellular tis-sue is scanty, consisting 
of loose fibrous laj'ers. and a dbtinguishiQg featme of the growth is the 
absence of giant cells in any part of the tumour. The lymphatic and 
blood vessels, avhich are thtn-walled, frequently contain embolic ma&ses 
of tumour cells; from these are developed secondary deposits in lymph 
nodes or bone, although any tjqpc of tissue may be the site of these 
deposits. 

Clinical History 

Frequently the appearance of the tumour follows on localized trauma ; 
the history given is that the injury occurred some weeks or months 
previously, and the pain resulting from the original injury has as a 
rule, disappeared. Later, intermittent pain in the same region precedes 
the appearance of the slowly increasing tumour, which may approach 
but never involves the sldn, clinical signs w-bich suggest the diagnosis 
of sub-acute osteomyelitis. In tbe later stages of the disease secondary 
deposits appear in skull, ribs, pelvis, etc., and the appearance of the.so 
growths is accompanied by great wasting and rise of temperature. 
Radiographic Appearances 

Central rarefaction is seen in one of the long bones , at first the 
cortex is thinned over tJie central cystic area, but later, wth the deposit 
of sub-periosteal bone, it becomes much thicker than normal. At a 
stUI later stage the cortex may become absorbed over a wide area, au<I 
at this stage, with widespread absorption and destruction of the shaft, 
tbe diagnosis of the tumour from the radiographic appearance alone 
may be extremely difficult. 


Treatment 

The use of deep X-ray therapy frequently results in diminution or 
even in disappearance of the tumour, but, even with the apparent cure 
of the primary growth, secondary deposits are comparatively common. 
For this reason it is preferable to amputate the affected limb after a 
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course of radiation, the amputation being folloAred by a second course 
of radiation of the chest in order to prevent secondary depcisits. 


MULTIPI^ MYELOMATA 

A rare condition of generalized growth'in bone, aJiicii commonly 
affects ribs, pelvis, femur and spine as nodular masses, the size of tlie 
tumour varj-ing from a pea to an orange. The tumours gro^v in the 
affected bones as rounded or oval masses of reddisli-grey appearance. 
The hone trabeculao and cortex are destroyed wthout the appearance 
of any new bone formation. Hremorrlmge and cj'st formation are com- 
monly seen in the tumour masses, and patholopcal fracture may precede 
extension of the tumour into the soft tissues. Changes in the central 
nervous system, tlie thora.T, bdneys and blood usually follow at a later 
date. 

Histology 

The majority of the tumour celb are round or oval in shape, with 
an eccentrically placed nucleus. A smaller t}'pe of cell, resembling a 
lymphocyte, is aUo commonly present. A classification of inj*elomata, 
based on the structure of the cells found m the tumour, lias been sug* 
gested, but such a classification is of bttle value, ns all the different 
types of cell are usually present in every growth 
Onset 

The disease commonly affects adult males between 30 and 50 years 
of age , the onset la usually imlcfinite with intermittent u andering pains ; 
gradually the pain becomes more constant and more severe. Deformities, 
such as k)-phosis and bowing of the limbs, make their njiiienrance until 
finally the patient becomes liedridden. 

Diffbbcntial Diagnosis 

Difficulty is frequently expencncwl in distinguishmg myelomatosis 
from carcinomatosis. The radiographic appearances are very aimilar, 
the affected bones showing punched-out areas of varying sire without 
any new bone formation (Fig. 189). 

Help m the diagnosis may be obtained from the discovery of a 
primary carcinoma m breast, prostate, uterus or thyroid, and, if thouglit 
necessary, a definite diagnosis may be made by biopsy. Some helj> 
may be derived from the Bence Jones reaction in the urine, but un- 
fortunately reliance cannot be placed on the presence of this reaction 
as the proteose is absent m the urine of at least half tlie patients suffering 
from myelomatosis, whilst it may be present in Ieuka?n»a. 
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Fig. ISy. — Multiple Mjelomatn wf Upper I.iml). 

Tbeaimect 

Deep X-ray therapy holds out the only hope of relief of pain and 
discomfort, but the process of the condition is certain. 
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SECOh’DAllY MALlGNAliT TUMOURS 

Metastatic deposits of carcinoma may occur in bone following on 
primary growth m any tissue, but growths of the breast, prostate, kid- 
ney or sujirarcnal seem to J>e specially prone to give setomlary osseous 
deposits (Fig. IDO). These may be found in any bone — the vertebra?, 
humenis anti femur liring most frequently Involved. 



Clinicai. Features 

The outstanding clinical feature of secondary tarcinoniatous defiosit 
is the persistent severe pain which accompanies all dcpO‘«it8, especially 
those in which the vertebrie are mvolverl. 

Radiographic Appearance 

The bone appears peculiarly mottled owing to the locahzed destruc- 
tion (Fig. 191). Fractures may occur through the site of growth, anil 
union of the fracture, although tare, occasionally takes place after a 
somewhat protracted period of immobilization. 
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Fio, iOl. — Early Secondary Carcinoma of Neck of Femur 


Treatment 

The treatment of these secondary deposits is confined to the relief 
of pain by immobilization of the affect^ area, rest and deep X-ray 
therapy. Amputation of a limb may be justifiable if pain cannot be 
relieved by any less radical roea-sure. 
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Ab^rens formation m diffuse tubemtlaai 
OBteiti*, BO ; in tul'ercoioua arth- 
ntia.83; m tiiberuiloua artbntisnf 
ankle, IR; elbow, 142; hip, 93; 
knee, 100; eacro-iliac joint. 134, 
ahotilder, 137; apine. ill; tanua. 
ll'i; WTiit, HO; m tubercqlona 
periostitia, 87 

Acetabulum in cnneenita] disloeatmi of hin, 
330, 337 

Acbondroplasiu, 392 ; radiographic nppear- 
ances, 303 , sjniptoms anil a^ns, 
392 , treatment, 303 

Acquired lioformities, claw foot, 203; 
Dupuytren’* contracture, 221 , 
everted foot, 2Us flat foot, 243. 
hallux rigidus, 228 ; hathx valpia, 
254, hammer toe, 2C0. rajmmha 
ossifleaaa traumatica, 228, ob»tet- 
rical panilyais, 223 , apaamcdic 
torticeiiii, 239 , tortieolba. 235 . 
Volkmann'B laehaume eonlracture. 
231 

Acronegal;r,elmica1signa,401 ; differential 
(iiagnoaia from ojteitia itefomana. 
300, treatment. 401 

Acromio-clavicnlar joint, duloeation of, 77 

Acromion, removal of, 227 

Adheaiona, 21 ; description of, 21 . diag> 
none of. 23, differentiation from 
eemflunar cartilage leaion, 52. lo 
gonococcal arthritis, 415: rntm 
artlcolar, 21, 22 , perharlicribr. 22 . 
treatment of, active. 24 , treatment 
of, inter articular, 20, treatment 
of, preventiie, 24 

Adolescent kyphosis, ae« Kyphosis, ISI 

Adson on cervical nb, 370 

Albee, operation m eongemtal aroliOBis. 
217. in structural scohosit, 215. 
in tuberculosis of hip-joiot, lOl , 
in tuberculosis of spine. 130 

Albers-Scbonberg disease. 305 . eliolopy, 
S').' , radiographic appearances 
305 

Ambulatory treatment in tuberculoais of 
hip, 100, knee, 110, aaeroiliac 
joint, 13Q , spine, 131 

Amputation for benign giant lell (umonr, 
422 , claw foot, 207 , Ewing’s 
tumour, 427 ; osteogenic sarcoma, 
426, osteom^ht)*, chronic, 409; 
secondary mofignunt tumours, 431 
for tuberculosis of ankle, 118. elbow. 
144; knee. 113, wrist, 147, to 
causalgis 301 


Ankle. ankylQ»,g of. 33 ; arthreiesis of, 
33 ; excision and astrapalectomy, 
117, tnberenlcwjs of, >rt ThIwt 
eulosis of Ankle. 114 

Aokylosis. 23 ; l«ony, fibrous, snimil. nn- 
imuml, 59, opintiTo procedurer, 
30. prevention of. 2') . treatment 
of, ’2*) , in osteourthritis, 155 
In rheumatoid arthritis. J48. 171 . of 
ankle. 33 . elbow. 30 . hip. 35 , 
inferior railio.ulnar joint, 34 : knee, 
37 , shoulder, 32 , WTjsf, 35 
of tuberculous elbow. 143 ; hip, 100, 
knee, 108, shoulder, 130, spine, 
120, Wrist, 145 

Apophysitisofoscnltie. 171 , clinical signs, 
(71 : radiographic appearances, 171 ; 
treatment, 171 

Apparent length. 3 

Appciulicitis, liifferential diagnniis from 
tuberculosis of bip. OO 
Arthritis, chrome, 148 

defomians, 11)4, stioJc^. J97, patho. 
logieal changes, 194, signs, 107: 
tmtmeht, 107 , types of, 103 
gimococcal, 413 . cluneal feature, 413, 
diagnosis, 414 . treatment, 414 
neuropathic, ItMi Charcot joints, 
clinical history, l&tj oceuircnce, 
164. patholngicnl changes, 103; 
radiographic appearances, 1(14, 
treatmerit, 105 

pneomoeoeenl. 415, onset, 415) 
prognosis, 413. treatment, 413 
rheumatoid, age periods, 148. arth- 
roileaia, 132 s cause of. 150, cbmeal 
eliaractenstics, UO , eorrection of 
deformities, 151 . diffirential du- 
gnoBis, 150; general examination. 
160. patfiological ehanges, 1.5^1 ; 
railiogrnphic nppi'nraiices, 149 , 
treatment by ganglionectomy, 151 , 
goM aalCs, 131. imniabilization, ISI, 
pliysM therapy. 151, vaccuies, 151 
aeptic or epiphysitis of children, 
diffcrentiatKm from tnbereuJoais of 
hip-joint, 05 

suppurative of infanta, difftrenliation 
from eoogenitel disloestion of hip 
joiDt, 342 

trwnmatio of shoulder, liS. O 
tobereuloil*. err TiibtreuJous Artbntis, 

70 

mUous, 152, pathological changes, 
J5J, symptoms and signs, 152, 
treatment, 133 
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AHlirwlews, combined, 101 ; cTtra-arti 
cular, 101, 136. IAS; mtiu* 
Articular, 101 ; itchio femoral, 1(0 
of acromio-cla\ ictjar joinl for diAlnca 
tion, 78 

of ankle for ankylcfis, 3H 
of elbow, for enkylosiA, 30 ; m tiilxr- 
cuJon« arthnti*. 1-14 
of hip in ohi iinre<luced con^Tcnital 
dislocation, SH , osteoarthritis, 

158; tubercnloua arthritis, 101 
of knee in ostenarthritia, 163, rheu- 
matoid arthntiA, 153, tuberculous 
arthntis, 113 

of shoulder in Txiliumyclitis, 380; 

tuberculous arthritie, 140 
of wnst in Kienbock’s disease, 178; 
tuiierculous arthritis, 140 
Arthroplasty of elbow, 31 ; hip, 157 ; 

Knee, 33 ; shoulder, 33 
Articular surfaces, fractures of, differentia- 
tion from semilunar cart lUge ksions, 
53 

Arpiratioa in joint infection. 411 : gono- 
coccal arthntis, 415: pneumococcal 
arthritis, 4ISi chronic »3'novitis. 41 
of tulwreuloui joints, 83, hip, 100, 
wrist, 146 

Astragalectomy in tuberculosis of aoble. 
117 

BaldHic, operation for ankylosis of inferior 
radiO'Olnar joint, 35 

Bankart, cause of recurrent dislocation of 
shoulder, 74 ; operation for re- 
currant dislocation of shoulder, 7.5 
Barr, on interrertebral disc lesions. 301 
Benign giant cell tiunour of bone. 420. 
clinical features, 430 : history, 430. 
macroscopic appearance of tumour. 
431 ,' microscopic appearance, 431 , 
radiographic appearances, 420, 
treatment, 431 
Betts, on mctatarsalgia, 3C1 
Biceps, rupture of the long head of, 72. 
330 ; slipping of, 314 ; teno-syno- 
\itis of the long head of, 73 
Bifurcation estcotomy in congenital dis- 
location of the hip, 354 , osteo- 
arthritis of the hip, 160 
Bone, general affections of, achondroplasia. 
393 ; acromegaly, 401 ; chronic 
osteomyeLtis, 40S ; dyechondro- 
plaaia or diaphyseal aclasia, 402; 
marble l>ones or Albers-Schonberg 
disease, 395 ; osteitis deformans or 
Paget’s disease, 387 ; osteitis fibrosa 
cystica, 395 ; osteogenesis im- 
perfecta or fragditas ossium, 393 ; 
osteomalacia, 401 ; ostcomycUtia, 
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403: renal duarfism or renal 
ncLets. 400; rickets, 377 
Bone graft in osteitis fibrosa cystica, SO*); 
paralytic scoliosis, 218 ; paraplegic 
scoliosis, 210; sacro-iliac strain, 
301: spondvlolisthcsis, 193; 

structural scoliosis, 215, tiilwr- 
cuiosis of the spine, 120 
Bone-settmg, 30 

Bone tumours, see Malignant Tumours of 
Bone, 422 ; nee Simple 'Satnonia of 
Bone, 417 

of the spmal column, 185 
Bony blocks, causes of, 38 ; treatment, 2S 
Bony flat foot, 250, 253 
Bow legs, see tienu X'aruni, 382 
Brachial plcTns, lesions of, 316 , complete 
lesiODS, 317 : cord involvement, 317 : 
operation, 317; root lesion, 317; 
signs, 31S, treatment, 317 
Brittain, ischio-femoral arthrodesis for 
tuberculosis of hip, 103 
Brooks on Volkmann'*iseha:mia. 231 
Browne. Dennis, splint for club foot, 363 
Bursitis.sub acromial, 73 

Calcification of supraspinatus tindon, 73 
CuhCa disease, differentiation from tuber- 
culosis of bip, 05 . ett Osteoclioml- 
nils. Vertebral. 103 

Capener, operation for spondylolisthesis, 
103 

Carcinoma of the spine, 185 , clinical 
signs, 185. radiographic appear- 
ances, lO-l 

Carcinomatosis, differential diagnosis from 
multiple myelomata, 428 
(kirtilaginons loose laxlies in knee-joint, (13 
Caiisnigia, 399 , treatment, 301 
CcUulitie. differential diagnosis from osteo- 
myelitis, 406 

Ci-rvbral thrombosis, differential diagnosis 
from poliomyelitis, 27G 
CVimcal glands, inflamed, differential 
dia^cMiB &om torticollis, 338 
Cirvical nb, 367; anatomy, 368; differ- 
ential diagnosis, 370 ; mechanics, 
368, operatne treatment, 371. 
radiographic appearances, 368 , 
symptoms, 369 : treatment, 371 
Clharcot’s disease, see Arthritis, Neuro- 
pathic, 164 

Clion'Iromata, 185, 418; history, 419; 
microaeopicappearance,4l9; radio- 
graphic appearance, 418; treat- 
ment, 419 

Chionjc non-specific arthritis, ate Osteo- 
arthritis, 154 

dairmont'a operation for recurrent disloca- 
tion of shoulder, 76 
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Cliiwfoot. 263 ; appearance, 201 j etrtlnK}, 
263; non-opemtive treBlm«>t,285; 
operatiTo treatment, ; itulio- 
graphio appearance*, 26l : Bynp* 
toms, 263 
Clicking hip, 333 

Club foot, ere Tiilipca Hqulno Varus, 339 

Club hand, 373 

(’offey on cerv ical rib, 370 

CJohen, treatment of tenosynovitis, 

Coley’s fluid, injection of in osteogenic 
sarcoma, 425 

Common extensor tenilon of Anger, rupture 
of, 323 

Congenital abnormalities, extra bimtuir 
vertebra, 265 ; sarralizatinn of Slh 
lumbar xertebra, 203 ; spina bifida, 
204 

Congenital deformities, cervical rib, 367 : 
club bind, 373 ; dislocation of hip, 
33o ; disiocatiuil of linee. 33U, 
dislocation of patella. 35^; flat foot. 
246 : itadcluRg's, 374 ; metatarsos 
varus, 366 ; radio-uliur svnostoais, 
330 ; acoliosw, 315 .• ^prenger#. 
372, talipes calcaneus, 360, (ailpes 
equino varus, 3)0 

Congenital ahoctemng of femor, diirerentui* 
tioB from coRgecutsI dislocation of 
hip, 343 

Coracoid osteotomy, 70 
CostD>trans\etscc(OfDy m tuberiulosis of 
spine, 13i 

Coxa vara, attributable to rickets. 331 , 
dugnosis, 172 ; diffeienlial diag* 
nusis, 175, from oongeoital disloca* 
tion of hip, 343, front tuberculosis of 
hip, 96 : osteotomy, transtro- 
chanteric. 177, wedge, 177 , radio- 
graphic appearances, 173 , aigna 
and symptoms, 175 ; treatment, 
conecr»ati>e, 176, operatire, 177, 
tyjies of, acquired — bone softening, 
172, congenilal, 172; fracture of 
neck of femur, 173 , mf.intile, 174 . 
slijipcd femoral epiphysis, 173 
Curettage of wrist joint in tubercniosi*, 146 
Cysts of the semilunar cartilage, W, 
differentuil diagnosis, 61 , natureof. 
6<) , symptoms, 63 ; tieatinenf, 64 

Danforth, Ireatment of osteochtwilrriw 
deformans Juvenahs, 169 
fleformifiea, acquired, tet itcqoiferi De- 
formities, 221 ; congenital, tee 
Congemtal Defonnities. 359; para- 
lytic, 291 ■ in rickets, 381 
Ihaphyseal Acliisia, 402 
Dislocation of acroraio-clavicutar joint, 77 . 
of hip, congenital, 335, anatoaiy 


before walking, 336, after walking. 
33fi; arthroJeeie, 334 ; <wn«(e of. 
333; de\clopwent of arthritis. 351 : 
differential dingnoais, 342 j differ- 
ential diagnosis from tiiWrculous 
hip. 94. di«hKBtioii. anterior, Sod, 
postcriOT, 351 ; examination of 
patient, 346 j femoral osteotomy, 
.333; formation of new socket, 351 ; 
limp, 339; lortlosis, 339, f/wnt 
bifurcation, 334 : movements. 341 ; 
operatne trentment m old un- 
r«liiee<l cases, 351; position of 
head of femur, 336, 337. 34l j 
prognosis, 355 ; racbograpbic appear- 
ancca, 336, 341, 347, 3.32. ricon- 
struption operation, 348, shorten- 
ing. 349, signs and symptom*. 339: 
teieeeoping, 340. treatment by 
closed reduction, 344, treatment 
by open nvJiiclion, 34'l. lirnde- 
lenbiirg's sign. 340, 346 
of kneo, eongenital, 336 . prognosis, 
358 . treatmiiit, 356 
paralytic. iLSTtrentiel diaenoeii from 
congenital dislocation of hip, 343 
of patella, congenital, 359 ; recurrent, 
65 

ofshoufifer. rrciirrent, 74. eaitses of, 
74. conservative treatment, 75; 
Bankart's operation, 75 . Clair- 
mont's operation. 70 , corncoiii 
otieoiomy, 76 : jfendersou’s sfing, 
73: Nicol I’s operation, 76 , reeling 
ojietfttion, 75 
of tendons, 331 

DnUuig, metapii}M!Al, in osteomyelitf*, 404 
Duclienno on eUw foot. 263 
Dunn, stabilization ujieration in club fuol, 
360 . noliorayclitn. 287 
Itysehondruplosia. 402 

KIbow, aiikylo«ix of, 30. nMlirwle*i« of. 
30, 144, arthroplasty of, 31. 
excwoiiof, 31. 143, luberculosiHof, 
see Tuberculosi* of Klhow, 142 
lilnislie, operation for club font, 3<>4 
Eiuiolheluil myeloma, err Eauig'aTuniour. 
426 

Eiulotbelionia, ere Ewing's Tumour. 426 
Cnucleation of tarsus for club foot, 364 
EiHjibysral affections, apophysitis of o* 
cakiB. 171, coxa vara. 172; 
epiphysitis of the tiJval tubercle, 
see Osgooil Sililatter Disease, 170. 
KienJjork's disease, I7S , ostiH)- 
chondritisdeformaus juvenahs. I6h 
Kpiphyseolysis in pohoniyelitis. 285 
Epiphyvis, slijij'eil fitnoral, err (loxa \ ara 
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Epiphysitis, or septic arthritis of cbildmi, 
differeatiation from tuberculosis of 
hip, 03 ; sypiiilitic, differential 
diagnosis from rickets, 379 
Epiphysitis of tibial tubercle, see Osgood* 
Sclilatter Disease, 170 
Equalization of limbs, 

Erb Ducliennc type of paralyaia, 223, 3Ift 
Ether, injection of, in sero>fibnnou8 
infection, 412 

Everted foot, signs, 244 , treatment, 243 
Ewing's tumour, 420 j cimical history, 427 , 
radiographic appearances, 427 . site 
of. 420 ; structure of, 427 ; treat- 
ment, 427 

Examination of a patient, 2; a ease of 
congenital dislocation of lup, 340; 
scolioaia, 20S; a tuberculoua hip. 
93 ; a tubercuious spine, 121 
Excision of ankle-joint, 117: cIbo«-joint, 
31,143; hip-joint, nil ; knee-joint, 
111; palmar fascia, 223, xrrist- 
joint, 140 

Exercises in fiat foot, 232, 233 ; sccdiosis, 
213 

Exostoses, 417: cimical signs, 417: 
etiology. 418 : rsdiogrspliic sppear- 
. ancc.417: treAtmvnt,4l8 : removal 
of, in hallux >8lgus, 23S 
Extensor longus pollicis tendon, rupture of, 
324 

Extra-nrticulsr adhesions, 23 
Extro-artlcukr arthrodesis, lOl, 136. 153 
Extra-articular tulicKulous osteitis, differ- 
entiation from tuberculosis of a 
hip-joint, 00 

Extra lumltor vrrtebrs, 203 

Fairbsnk, description of infantile coxa 
vara, 174 ; operation in obstetrical 
paralysis, 237 

Fasciotomy, multiple in Dupuytren's con- 
tracture, 222 ; Soutter m polio- 
m}eIitis,2S3 

Femur, fractured neck of, «e Coxa Vara. 
173 

Fibrinous loose boilies of knee-joint, 61 
Fibrolysm, injection of in Dupuytren's 
contracture, 222 
Fibromata, 185 

Fibrous ankylosis of shoulder, 32 
Fibrous loose bodies of knee-joint, 61 
Fibrous rigid fiat foot, 2>0, 233 
Flat foot, 241 ; acquircil, 24S ; symptoms, 
248, treatment, 231, types of, 219 
congenital, 216; deformity in, 246; 
radiographic apjiearances, 247 ; 
treatment, 247 

Foot, anatomy oh 241; deformity in 
poliomyelitis, 280 


Foot, static deformities of, 243 ; claw foot, 
«« Claw Foot, 263; everted foot, 
«te Everted Foot. 244; flat foot, 
see Flat Foot, 245; haUui rigidus, 
see Hallut Rigidii*, 258 , hallux 
valgus, Sf< Hallux Valgus, 234 ; 
hammer toe, see Hammer Toe, 2C0 ; 
ingroMing toenail, see Ingrouing 
Toe-Nail, 272 ; K6)iU‘r'e disease, 
see KShler's Disease. 267 : march 
foot nr march fracture, e«c Marcli 
Foot, 270 ; metataxsalgiii, eee 3Iela- 
tarsalgia, 361 : tender heels and 
calcanean spurs, sec Heel, 273 
Fdraler, operation for spastic ]wra]ysis,2')3 
Pragihtas ossiiim, differential cfiagnoais 
from osteomalacia, 402 . differential 
diagnosis from nckets, 379 , eer 
nstcogenesis Imperfecta. 303 
Freiburg, see Kohler’s disease, 267 
Functional rigidity, 20 

Ganglioncctomy in causalgia, 302, in riieti- 
matoid artlmtis. I3I 
Cenn valgum, 384 , treatment. 384 
Genu varum, 362. differential diagnosis, 
382 ; treatment by osteoclasis, 383 : 
treatment by osteotomy, 383 
Gluteus medius, division of, 293 
GokUaits, use of m arthritis deformans, 
197 : in rheumatoid arthritis, 151 
Goldthwait, operation for recurrent dia 
location of patella, 06 
Gonococcal arthritis, see Arthritis, Gon- 
ococcal, 413, infection m arthritis 
deforroansof thespmc, 107 , mspur 
formation. 274 ; in villoiis nrthntis, 
152 

Great sciatic nerve, lesions of, 318 , prog- 
nosis, 320; treatment, 318 
Griffiths on Volkmann’a contracture. 232 
Groves. Hey, operation for lorn tnieial 
ligaments, 48 

Gnttenng of bone in osteomyelitis, 407 

Hvmarthrosis, differentiation from trau- 
matiQ eynovitiB, 39 ; treatment, 41 
Iltemophdia, differential diagnosis from 
tuberculosis of knee-joint, 108 
Hallux rigidus, 2-58; cause of. 250, 
rmliographjc appearances, 250 
ayroptoms, 2-50 , treatment, 250 
lUllux valgus, 3-54 : symptoms, 2-54 . 
treatment. 2-5.5 

Hammer toe, 2C0 ; treatment. 2b0 
Hamstrings, lengtheumg of, 294 
Harruon's sidcus in rickets, 378 
Heel, spur formation, 273 ; etiology, 273 ; 
radK^rnphic appearance, 273 ; trans- 
ient tenaemess, 273 j treatment, 274 
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Hemiplegia, spastic, 296 
Henderson, slmg for rocnrcenl dlsIoeatiOD 
of ehotilder, 76 

Hibbs, operation for congenital ceolioua, 
317 ; operation for parsplegio 
acotinsis, 219; structural scoliosis, 
3(5; tuberculosis of spine, 12^ 

Hip, ankylosis of, 97 : ankylosis in de- 
formity, 35 ; ankylosis, unsound, 
36 ; arthrodesis of, 153 ; arthro- 
plasty of, 157 ; bifurcation osfeev 
tomy. ICO; clicking, 333 ; combined 
arthrodesis, tOl ; congenital dis 
location of, see Dislocation of Hap, 
congenital, 335 : coxa vara, see Coxa 
Vara, 173; cxtra-articular arthro- 
desis of, 101; inlra-articiitar Brth- 
rotlesia of. 101 ; ischto femoral 
arthrodesis of, 103 ; Jones psend- 
srthrosis of, 1,59 : manipulation of. 
ISO ; osteoarthritis of, ftt Oateo- 
arthritu, 155 , osteotomy for anky 
losis, 36, plaster fixation. IS7. 
pseudarthrosii, ISO : inapping,333. 
tranetroeJisnterw oateofoaiy. I<K. 
tuberculosis of, iH Tubercnlosis of 
Hip joint. 90. Whitman's recon 
itruction, 138 

HoUenWg on metaphyseal drilling in 
osteomyelitis, 403 

Hunter on pathology of generalised 
Osteitis fibrosa cystica, 397 
Hysteria, differential diagnosis from 
musciib spiral paralysis. 310 

Infantile paralysis, ses Poliomyelitis, acute 
anterior, 273 

Inferior radio-ulnar joint, niikylosia of. 34. 

Baldmn'a operation, 35 
Ingrowing toe-nail, 272 . treatment, 272 
Inspection of a joint, 4 
Inter-articular a<lhesions, 23, 26 
Intervertebral discs, lesion of, 293, 320 
Intra articular adhesions, 21, 23 
IschiBnua, Volkmanti'i, lee Volkmann’s 
Ischiemie Contracture, 231 

Jansen, Murk, on etiology of march foot, 
270 

Jepson, on Volkmann's isehimia, 231 
Jones, Bence, test in multiple myelomata. 
428 

Jones. Robert, abihietion frame, 13, 93. 
295 ; club foot shoe, 362 . paeoU- 
arttirosis of hip. 1.59. sawr, 335; 
treatment of Volkmann’a lachiriaia, 
234 

Jones, Wood, on snapping hip, 333 
Kalin reaction, 41 


Kellef, Operation for hallu* valgus, 256 

Kidner, etiology of osteochondnlis defor- 
mans juvenaiis. 166 

Kienbock's disease, 178 ; cause of, 178 ; 
clinical signs, 178 , diagnosis, 178 ; 
ratliographic sppearsnee, 173; 
frestmenf, conservative, 17S. opera- 
tive. 178 

KIumpLc's type of paralysis, 223, 317 

Knee, ankylosis of, 37 ; arthrodesis of, 113, 
163 : arthroplasty of, 33 ; aspira- 
tion of. 100; cage, 45, 47, 234; 
Charcot's disease, 164, congenital 
dislocation of. 356 ; congemtal 
dishysation of patella, 358 ; crucml 
ligaments, mjunes of. set Ligaments, 
4fi, cystsoftbesemihmarcartilagea. 
see Semilimsr CartiLiges, 60 . hicm- 
arthroBis. 41 , lateral ligaments, ere 
Ligaments, 42 . loose bodies. 61 . 
osteoarthritis of. 162; recurrent 
dislocation of patella. 65 , rheu- 
matoid artliritis of. 152 , semilunar 
cartilages, injuries of, see Semilunar 
Csrtihges, 43, synovitis, efironic, 
set Synontif, 40, syuontis, trsu- 
natic, tee Synontjs. 89, tuber- 
culosis arthritis of, see Tubcrcujoax 
of Knee. 106 

Knock knee deformity, 00 , see Oonu 
Vataim, 384 

Kohler’s diseaie of the metatarsal head, 
207 . tarsal scaphoid, 207 , treat- 
ment. 269 

KOmmell’s diseahe, 103 . tlifTerentiai diag- 
nosis. 104. etiology, 103; radio- 
graphic appearances. 194 ; treat- 
ment. I0( 

Kyphosis, 179 

ailolesrent or Scheuermann's disease. 
IBI, radiographic, 181. apjH’iir 
ances, signs and aymptoms, 181 , 
treatment, 184 

nckety, 381 

round back, 179 . deformity. 179 , 
differential diagnosis. 180. symp- 
toms and signs. 180 . treatment, 
IBO 

senile, 184, radiographic appenranres. 
184: treatment. iSt 

Lnminectoray. 133. 191. 204 

Lange on obstetncal parsiysi*. 223 

Isiteralear\ature of the spine, see Scoliosis. 
SK 

Lead paralysis, ilifterfiilmt dnigrinsia from 
musculo-spirol paralysis. SO"! 

Legg. etiology of osteochondritis deformans 
fuvenafni. 106 

Legg Ptrthe’a disease, differentiation from 
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tuberculosis of hip, 05 , *ft Osteo- 
arthritis, 15.') : tit OsteochonclritU 
Deformans Juvenalis, 1C6 
Length, apparent, 3, OJ , real, 3, 22 
I^cngthemng of femur. 2S.5 ; leg, 284 
Ligament, external lateral of knee, 42: 
anatomy of, 42 , treatment of 
lesions, 4*1 

interna] literal of kne<‘, 42 ; anatomy 
of, 42; treatment of lesions, 44 
Ligaments, crucial, anatomy of, 46 : 
rupture of, 46 ; treatment oflesions, 
47 

Ligamentum patellae, rupture of, 327 , 
transplantation of. 67 
Loose bodies. 01; cartiLnginnns, 62: 
differentMtion from semilunar earl>. 
lage lesion, 52, fibrinous. 61. 
fibrous, 61 5 osteocartilaginous. 62 . 
osteochunclntis dissecans. 62. re- 
moval of in osteoarthritis of Lnee- 
joint, 164; sequestrum. 62 ; aymp- 
toms and signs. 63; treatment, 
conservative and operative, 64 
Lordosis in eongemtat dislocation of Inn, 
33S, 351 

Lorent bifurcation in congenital dislocation 
of hip, 3-74 

Lomnan, operation in infantile paraivsis. 

200 

Lumbar puncture, 277 
Lamlw-sacral and sacro-iliac region affec- 
tions, 190; eztm lumbar vertebra, 
205. sacralization of 5th lumbar 
1 vertebra, 205, spina bifida. 204. 
strains. 100, anatomy, tOO, differ- 
ential diagnosis, 200, etiolrigy. 20>b 
aymptomssndsiCRS, 199, tre.ttment, 
200 


Manipulative surgery, 20 
Mantoux test m tuberculosis, 84 
3Iarble bones, Alliers fseliontierg 

Disease, 30" 

March foot, or march fiaeture, 270 ; 
clinical signs, 271; etiotogj, 270; 
railiographie appearance. 270 , treat- 
ment, 271 

Slayn'a operation, 257 
Measurements, 3 

3(e<lian nerve, lesions of, 314 ; prognosis, 
316; signs, 316; treatment, 315 
Mercer, operation for spondylolisthesis, 
191 

Jletaphyiie.il drilling in o»leom>ehtis, 408 
Metatatsal. removal of lienil of, Hallux 
Valgus, 257 : nee Metatarsalgia, 263 
.Mctatarsalgia, or Morton’s disease, 261 , 
signv, 262 : symptoms, 262 , tic-at 

meiit. 262 

Metatarsus varus. 366 
Middleton on Volkmann's iselupmu, 232 
Jtixter on intervertebral dine lesions. 203 
Mon-articutar aitbritis, see Osteoarthntis, 
154 

Monophgia, spjstic, 2'll 

5lorton's disease, MetaUraaJgia, 261 

Movements. 3 

.Multiple faseiotomy in Dupuytren a con- 
tracture, 222 

Moltiple myelomata, 423 , (Iifermtial 
diagnosis, 423 ; histology. 428 , 
onset, 423 . treatment, 429 
Muscle spasm, 2, 31, 32 
Musculo spiral nerve, injuries of, 309, 
differential diagnosis, 30D, treat- 
ment. 310 

3Iye4tti». cause of (’h.xfcot’s joints, 154 
Myeloma, endothelial, see Ewing's Tumour, 


JlcKee, on metaphyseal drilluig in osteo- 
myelitis. 403 

Sladelung’s deformity of the wiist, 374 , 
treatment, 375 

Malignant disease of spine, differential 
diagnosis fiom KummcII's ibseaM*. 
104 

Malignant tumours of Ixinc, 185 , caremoma 
of spine, 185. Ewing’s, 426. 
mnltiplc myelomata, 423 ; osteo- 
genic sarcoma, 422 . sanoma of tlie 
spine, 136; secondary caremoma, 
430 

2>lanipulation. indications for, 24; prind- 

Mauipulation for cartilage lesions, 57 , 
fibrous flat foot, 233; sciatic 
scoliosis, •220 

of the elbow, 322; hip, 150, knee, 
28, 57 ; shouhler, 69 ; spine, 201 


Jlvvlomata multiple, net Multiple Myelo- 
mata, 428 

M^-ositis ossificans traumatica, 228, etio- 
^‘>8y> 229 ; hutory, 228 : preventive 
treattnent, 220 ; railiograpliio 
appearances, 228, 230 

Nerves, anatomical lesions, 299 ; com- 
pression, 299 

division, signs of complete, 299 ; 

signs of incomplete, 300 
injuries to brachial plexus, 310; to 
gteat sciatic, 318 , to median, 314 ; 
tomusculo-8pirat.399, to peripheral, 
293; topostenorinterosseous.Sil ; 
to ulnar. 312 
irritation, 299 
operation. 30-2 

physiological lesions, 293, causalgla, 
591 
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iHturing, aftor-tretitment of, 307; 
difTicuIlie^ of orerfltifin, 300; nroe- 
nOMK, 3<)S 

tieatraent of injune*. 3n0j of m«nt 
injuries. 302 
types of injury, 303 
Keuroma, removal of, 202 
Neuropathic nrthritis, lef ArtlmtU Neuro- 
pathic, 264 

NkoIh, operation, for recurrent dialocatton 
of shouliler, 7B 

Night erica in tuberculosis of hip jourt, OT 
Novocain, injection into stellate ganglion, 
302 

Nucleus puJposna, letropulsion of, 207, 220 


Olicr, ojicmtion for club foot, 364 
Obstetrical pa 223 ; ikfomiity, 22ll ; 
loTer arm type, 221 ; tnixed types, 
223, signs and symptoms, 221, 
site of lesion, 224 i treatment. 22ft, 
iipjier arm type, 223 . whole atm 


Osgood on epiphysitis of dbuit tubetcK 
170 ; tennis elliow, 321 
Osgood Schlatter disease, I7d. radio- 
grapliic appi-arsRces, 1*0, signs 
ami symptoms, 170, treatment, 
110 

Osteitis deformans, 3S7 . dilTcrential dmg 
nusis, 3S')| patholog}-, 3Sft. prog 
nosjs, 800 ; ra<hogra|ihH: appear- 
ances, 3dS} symptoms snd signs, 
3S7 , treatment, 3')2 
diffuse tulierculoiis, ftft 
cMra-articular tuberenlous, iLfferenh- 
ation from tuberculosis of hip, 96 
fibrosa cystica. 303 , generaliml type, 
305 , localized type, 308 , path- 
ology, 307, 399 ; rsdiogtapbic 

appearances, 307, 39S , iresitmmt, 
308 , (lifferentul dngnosis from 
osteitis deformans, 390 
localized tuberculous, 87 
syphilitic, diffcreotisl diagnosis from 
oslfitii deformaits, 3S0 
Osteoarthritis. 154, moii-arliculsr, 155, 
pathological changes, l!>t , rwlio 
graphic chance*, 1.14 
Ilf hijvjoint, 155, arthrodesis, 118, 
arttiropV-is^y.lbl . dtfii-rtmVial diag- 
nosis irom tuberculosis of hip-jotnt, 
00, Jonea's paeudarthrosis, ISO; 
local treatment, 1.10 j manipulalum, 
150; onteotomy, ISO; pUster 
fixation, 157 ; radiographic- appear- 
ances, 155, 150; symptoms and 


signs. 1.1.1 j treatment, 156; Wiit- 
man's reconstruction operation, 158 
of hnce-jomt, I R2 • Jooso liodies, 164 : 
radiographic apfiearances, 162; 
signs anrf symptoms, 162 ; treat- 
ment, 162 

Osteocartilagmoiia loose loiliea of joints, 
62 

Osteochondritis tiefprmitna Jintmha, 165 ; 
clinical features, 107; differential 
diagnosis, 168; etiology, 166; 
oateoarthritio changes, l5o ; prog- 
nosis, 16H, radiographic apjienr- 
anees, 107: treatment, 168 
dissecans, 62; iliffeientiatiDn from 
scmihimir cartilage lesions. 53 
vcrtchrnl. or Calid's iliseasc, 191; 
treatment, 1P3 

Ostmebtats.urc in genu viiriim, 38-1 

(IsteogencBis imperfecta, 393 . elmicnl 
features. 3't4 , ilifferential diagnosis. 
394 ; pathology, 304 , prognosis, 
394 . radiographic sppeaninces, 394 ; 
treatment, 395 

Oalcogenic sarcoma, 422. clinical signs, 
423 : microscopic appearance, 422 i 
radiographw itpjieamncer, 423 ; sites 
of tumour. 422 . treatment, 425 

Osteomnliicia. 401 , clinical history, 401 1 
dMgnosii. 402, differentiul ding- 
nosis from osteogoneais imperfecta. 
395; etmlogc, 401 . pathology, 402; 
treatment, 402 

Osteomata. 181 

Osiromjehtis. acute, biieteiinlogy, 403 1 
clinical history, 46-1 , cliflermitliil 
diagnosis, 40(1, from poliomyrlitis, 
276; oeeiirrence, 404, site end 
course ofjnfection, 401 , treatment. 


thronic, treatment, 408, 409 
of spine, 187, clinical aigna, 187, 
radiographic appearances, 187 , 
treatment, 187 

Osteoporosis of carpiit semihinsr, ere Kun- 
bock's disease, 178 

Oiilcotomy, bifurntion in coogeoital dis- 
location of hip, 354 , laosteuarthritlR 
of the hip, IbO 

coracoid 111 tecurrent dinloeatioii uf 
shoulder, 76 

femoral m congenital (hsloeiitiun of Ilie 
Inp. 3.11 . in genu valgum. .186 , 
w. S03 , sa ciatpcctin 

fibros-t cystica, 393 

linear in Osgood Schlatter disease, 171 : 

osteitis deformans, 392 
of hip for ankylosis, 36 
auptocondj larof femur m genu \nnim, 
334; m poliomyelitis, 234 
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tibial in Renn valRiim, 3^5 
trftnstrochanterio in coxa \ara, 177; 

in tuberculosis of hip Joint, 105 
■wedge in coxa vara, 177 

Page, Siax, ojicration for Volltmanij's 
ischarmic contracture. 235 
I’ftget'* tiisease, apc OstcitiN neformana, 3H7 
Palmar faMia. excision of in Diipnjtren’a 
contracture, 223 

Pamlyais, acute anterior poliornyeiitis are 
Poliomyelitia, 275; obstetrical, are 
Obstetrical Paralyeia, 223 ; apiatic, 
ac« Spastic Paralyais, 291 
Paralytic scoliosis, see Scoliosis, 217 
Paraplegia in osteomyelitis of spine, 187 
tulierculosis of spine, 12-1, 132 
Paraplegic seoliosis, see Scoliosis, 218 
Parathyroid tumour, remorni of in general 
ired osteitis fibrosa cystica, 39? 
Parrota’ beaks Iwne formation, 187 
Patella, congenital dislocation of, 3 >8 

recurrent dislocation of. (W; OoUI- 
thwait’s operation, 65 , removal of, 
67; signs ami symptoms 65. 
transplautaticin of tigamcntum pat 
ella.‘, 67; treatment, conserraliie. 
66 

rcmoral of in osteoarthritis of knee- 
ioiflt, 163 

Penicillin, use of in treatment of gonococcal 
srt)iritu,414 ; of osteomyelitis. 187, 
407, 40S, 409 : of pyogenic joint 
Infection due to penetrating wouods, 
411; of sero'fibnnous infection. 412 
Perbarticular adhesions, 23 ; of shoulder. 68 
Perineal abscess, differential diagnosis from 
tuberculosis of hip-joint. flO 
Periostitis, tuberculous, 8ft 
Peripheral neri rs, 298 , anatomical lesions, 
2'>9 ; physiological lesions, 398 
Peroneal tendons, dislocation of, 331 , 
treatment, Ml 

Perthe, caiiso of recurrent dislocation of 
shoulder, 74 ; etiology of osteo- 
chondritis dcformatis Juvenalis, 166 
Perthe's disease, differential diagnosisfrom 
tuberculous hip, 95 : see Osteo- 
chondritis Deformans Juvenalis. 166 
Phalanx, removal of base of in hallux 
val^.V 256 

Piefiu4, operation for fixation in tuber- 
culosis of the SBCro-iliac joint. 135 
Pigeon chest in rickets, 378 
Pituitary tumour, removal of m acromegaly, 
401 

PLantar fascia, tenotomy of, see Claw Foot, 
26.5 

Plantaris muscle, rupture of, 326 
Plaster of Paris, advantages of, 19 . dis- 


Ad^antngca of. 19; methods of 
apphration, 18, precautions in 
Application, 18; in bony fiat foot, 
233; in claw foot, 266; in con- 
genital dislocation of the hip, 344, 
349. 3.74, m congenital dislocation 
of the knee, 358 ; in congenital flat 
foot. 248 , in fibrous flat foot, 2-53 ; 
in genu valgum, 38fi j m genu 
sanim, 383; m march foot, 271 ; 
in osteoarthritis of hip, 157 ; in 
paraplegic scoliosis, 219; in polio- 
myelitis, 284. 286, 287, 289; in 
sciatic scoliosis, 220 : m spasmodic 
fiat foot. 252 , m spistic par.ilysis, 
2*1.5 . in structnml scoliosis. 215 , 
in talipes equmo varus, 3ft3, 364. 
363: in tulierculosis of ankle, 1 16 , 
of hip, 100, 102, of t.'irsus, 110, 
of wrist, 146 

Pneumococeal arthritis, see Arthritis, 
Pflcumocoi'cal. 415 

Foliomyehlis. acute anterior, 27.5 . artliro- 
ilesii of shoulder, 289, deformity, 

G NPntionof. 278. diagnosis, 276 , 
an's operation, 287 , cfjumus 
deformity of foot, 286, etiology, 
275. flexion contraction ofhip, 281 . 
flexion contraction of knee, 28J 
hymerextcDsion of knee, 283. in- 
eufutlion period, 270 , lengthening 
a limb. 284 . massage. 278, 279 . 
muscle training, 280, onset, 27ft, 
pnralysis, extent of, 277 . prognosis, 
277 , rceumlieney, perioil of, 2^0 . 
fjoiitterfasciotomy, 283 , symptoms, 
^6, tendon transphntation, 2Hl. 
287, treatment. 277 ; walking. 280 
Polyarticular arthritis, see Osteoarlliritis, 
154 

Poet patellar pad, enlarged, differential 
diagnosis from scmiliinnr eartiinge 
lesion, .52 

I\>9tcnor mtcros«eous nerve. Icsioni of, 
311 . treatment, 312 
Postural Moliosis, err Scoliosis, 209 
Pott’s disease, see 'I'ubertulosis of .Spine, 
119 , cervical, differential ilugnosia 
from tortirollis. 2.37: diffirential 
diagnosis from Kummelt's disease, 
104 

Progressive museiiLir atrophy, differential 
diagnosisfrom cervical rib, 371 
Pronator radii teres, division of, 207 
Prostigmine in treatment of spastic 
paralysis, 293 
Pseudarthrosis of hip, 159 
^eudo-coxalgia. «f« Osteochondritis De- 
formans Juvenalis, 166 
Puncture, lumbar, m poliomyelitis, 278 
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Putti, operation of artliroplasty of knee, 
3S ; triangular vc<igu in congeniUl 
dislocation of hip, M 
Pyogenio infection of joints, 410; see 
Arthritis, flonoeoceal, 413; tee 
Arthritis, PneiimocoecAl, 415 

Quadrlteps femons, rupture of, 32S 
Qiiadriplegn, spastie, aoi • 

Rndir^rnphic nppearaneea in achonilro-' 
pl/isin, 303 ; in adolescent kyphosis, 
131 , in AlUra SebRnberg ilisnise. 
305, inapophysitisofoacalcis.lTi ; 
In arthritis deformans, 104 ; in 
henrgn giant reli tumour, 430; to 
rsmncisa of the spme, 135; in 
eeriical rib, 368, 300 ; in Charcot's 
disease, 101 ; in chondromata, 418 , 
in claw foot, StU ; m congenital 
dislocation of hip, 333,330,341,331 ; 
in congenital (lialocation of knee. 
337 , m congenital flat foot, 247 : 
in coxa \ara, 173, in dyschoiKfro- 

S Uiia, 403; in Ewing'e iiimoiir, 
27 ; in exoatoBcs, 303 . in fibrous 
rigid fiat foot, 230 ; to gonococcal 
arthritis, 413; in hnllux ngidus, 
S30i m KienbocVs disease. |78; 
m Kohler's disease, 267, 368 ; in 
Kflnmeirs disease, 103: in Made 
lung's deformity, 374 . In march 
foot, 270: in maltiple myelooiata. 
438, in mynsitis oatDcane trtu 
matica,2JS: mobstetriealparalyais, 
220 : m Osgood .^chhtler disease, 
170: m osteitis deformaos, 388, in 
osteitis fibrosa eystaa. 306. 308. 
in osteoarthritis, 134. 136. 103: 
in ostenchondntis deformans Juven- 
alis, 167: mosteogenesisicDpcrfecta. 
394, in osteogenic sarcoma, 423, 
in osteomalacia, 401 ; in osico- 
myelitis, 409, of spine, 187, in 
radio ulnar synostosis, 307 , inienal 
rickets, 380. 400 . in rbenmatowi 
arthritis, 149; in rickets, 378. 
in sacralization of Sth lumbar 
lertebnv, 205 1 iiiseoliosis,208.211, 
215. 219: in scurvy. 3SO. in 
Bccotvhry malignant tumours, 430. 
in senile kypho«is, 184 , in spondy- 
lolisthesis, 191 : in SprcDgel's «fe- 
formity, 374, in spur formation. 
273 ; in syphilis of the spine, 189 , 
in syphilitic osteitis, 391 . in 
tuberculosis of ankle, U4, of 
elfaovi. 143; of bipjolai, W, of 
knee joint, 106 { of sacro iliac joint. 
133, of shouWer-jomt, 139, of 


aplnc, 123, 125, 127, 139; of tarsus, 
115; of wnst-jomt, 144 , in tiibcr- 
euloiis arthritis, 63; osteitis local- 
ized, 67, diffuse, 89; in reiiebral 
osteochondritis, 193 
examination. 5 

Rwlio-olnar joint, ankylosis, 34 

synostosis, congenital, see Synostosis, 
366 

Real length, 3 

Itectns femoris, ruptun- of, 33S 
Reid, treatment of teiio-synovitis. 330 
Renal duarfism. eee Renal Rickets, StO, 
400 

rickets, clinical history, 400 , differ- 
ential diagnosis from rickets, 380: 
prognoafj.JOO, ravjiographic appear- 
ance; 400; treatment, 400 
Rheumatism, differential diagnosis from 
ostcomyehiis, 406 

Rheumatoid arthritis, net Arthritis, Rheii 
matoid, 148 
RKkets, 377 

ejeformlfiea— coxa vara, «;e Coxa Vara. 
.581 . genu valgum, m Oenu 
Valgum, 384 , genu varuoi. we 
Cenu Variirj,383. rickety ky/sJiojis, 
381 

ilifTerentuI diagnosis, 579 . from 
osteogenesis imperfecta, 304 
etiology, 377 
pathologieal changes, 378 
jirevention of deformity, 381 
radiographic chaRgea, 378 
aiggs ami symptoms, 377 
surgical treatment, 381 
treatment, 380 

Rigidity of jouits, 20 . atlhesiout, 21 1 
ankylosis, 28 , bony blocks, 26 . 
muscular spasm, 2! 

Rooiid hack. 179, deformity, 179, iliRer- 
ential diagnosis, lfu»; symptoms 
and signs. 180, treatment. ISO 
Royte, ojwralHjn for sjiastic paralysis, 294 
Rupture of the common extensor tendon 
of a finger, 333 . of the extensor 
longas polUcia tendon, 324 . of the 
ligamentum patelkn. 327 ; of the 
long head of the hiceps, 72, 339. 
of the plantans muscle. 320 , of 
the quadriceps femons, 338 , of the 
nctiis fcmoris. 33S ; of the supra- 
spinaluB tendon. 70. of the tends 
achiliis, 335 

ftabre tibia. 383 

SoeralizatLon of .5th lumbar vertebra, 203 
Saero-Uiac region affections, 199 

tuberculosis, «« Tubeiciilosis of Sacra- 
tlutc joint, 133 
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Saline, washing out an infoctpil joint, 412 
in pneumococwl arthritis, 416. 
Sarcoma of the spmc, IRC ; treatment, 187 
oste<^enic, s" Osteogenic Sareoiua, 
422 

Si.ilemis antiais, di\ ision of for i-ersical rih, 
371 ■ 

Scheuermann’* disease, see Kyphosis, 181 
SchmofI on adolescent kyphosis, 1R3 
Sciatica, 203 ; differential diagnosis, 203 ; 
lesion of intervertehral discs. 203; 
signs and symptoms, 203, treat- 
ment, 20-1 

Sciatic scoliosis, see Scoboais, 219 
Scoliosis, 200 

causes of, 211 ; acquired, 21t . con- 
genital, 211. 21S 
description of, 207 
examination, 20^ 
prognosi9,2U 

mliographic appearances, 207, 209, 
211,215, 219 
— examination, 20S 
sex and age, 208 
symptoms, 206 

types of, postural or mohde. 209. 
treatment. 212 

struetiiral or Used, 209, 212: nulio 
graphic aptlearances, 211 , treatment 
by oony fixation, 215 : by ceilukSd 
orleather jacket, 215 , bycorrectiee 
moulding, 214, by gymnastic 
eserrises, 213 

. •—congenital, 211, 215, treatment. 
215 

— paralytic, 217 ; treatment. 218 

— paraplegic, 218 , ieeatment, 218 

— sciatic, 219; clinical features, 219; 
etiology, 219 j treatment l>y roani- 

f iulation, 220 ; by operation, 220 . 
ly plaster fixation, 220 
Scurry, differential diagnosis from rickets, 
379 

Secondary malignant tumours, 430 
Sedilun on nenre transplantation, 306 
Semilunar cartilages of (he knee, 48 
cysts, 60 

disabilities after remo\aI, of semdvnar 
caitOages, 60 

extenia], ibscoid, 5S ; examination, 
59 ; history of injury, 59 j raechames 
of, <58 : treatment, 59 
injuries of, 48 j “ Bucket Handle ” 
spbt, 43 

internal, differential diagnosis of in- 
jury, 62 ; examination, 61 , history 
of injury, 49 ; symptoms and signs, 
49; treatment,54,bymanipulaticm, 
57, by operation, .55, by removal of 
poslenor end, 56 


Semitendinosus, slipping of, 333 
Senile kyphosis, #<:« Kyphosis, 184 
Serum, convalescent, in poliomyelitis, 277 ; 

immune horse, in poliomyelitis, 278 
Shelf operation in eongcmtal dislocation of 
rnp, 3*>1 

SliorteniDg, apparent, 92 ; real, 92 
Sbmitdrr, affections of, 68 ; ankylosis of, 
32, arthroilesis of. 140, 289, 

arthroplasty of, 32 ; calcification of 
supraspinatua tendon, 72 : excision 
of, 32 . dislocation of acromio- 
clavicular joint, 77 ; dislocation, 
recurrent. stt Disloc.ation of 
Shoulder. Recurrent, 74 ; manipula- 
tioaof,69; pen-articular adhesions. 
69 J rupture of long head of biceps. 
72 ; rupture or stram of supraspin 
atns tendon, 70 , Sprengel's de- 
formity, 372 . ffub-acTomial bursitis, 
73; tcnn-syno\itia of long head of 
biceps. 73; traumatic arthritis 
t>8 , tuberculosis of. <»e Tuberculosis 
of i<bouIder-Joint, 137 
Simple tumours of bone. 417 , benign giant 
cell tumour, 420 , chondromata, 
4IS. exostoses, 4!7 

Smith-Petcrsen. arfhropUsty of hip, 158, 
bone-pi'gsing operation for fixation 
pf sacro-diae joint, 201 , incision ui 
reconstruction operation for con- 
genital dislocation of hip, 348. 
intra-articular fusion of sacro iliac 
joist. 136: operation m arthritis 
deformans, 198 
Snapping hip, 332 

Solgsnol B. Oleosum m rheumatoid 
arthritis, 151 

.Soutter fasiotomy in poliomyelitis, 2s3 
SpasmcMlic flat foot, 250, 252 
Spastic paralysis, 291 ; after-treatment, 
295. clinical picture, 291 ; indica- 
tions for treatment, 292 ; methods 
of treatment, 292 ; tyjiea of cuus i- 
tire lesion, 291 
Spina lufida, 204 

Spine, arthritis deformans, see Arthritis 
Deformans, 194 ; congenital abnor- 
malities, 294; Kummell's disease, 
193 , kyphosis, see Kyphosis, 179 , 
lumbo-sacral and sacro-iliac affec- 
tions, 109, osteomyelitis, see Osteo- 
myelitis, 187 , round back, tee 
Round Back, 179 ; Scheuermann's 
disease, 181; sciatica, see Sciatica, 
303 ; scoliosis, see Scoliosis, 206 , 
spondylolisthesis, see Spondylolis- 
thesis, 190; syphilisof. see SypbiLs, 
IBS; tuberculosis of, see Tuber- 
culosis, of spine, 119, tumours of. 
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185; \crfebral osfeochondriti* or 
Cftfve’g <Iiaon?p, iff 02t«ochc»i(Iritis 
Wrtehra), 193 

Splmt. alxliictlon arm. 10. 139, 237, 279; 
Browne. Dennts, elul) foot, 362; 
liinket top caliper, 10 i ci^bper, 9, 
no, 113. 290; rellulimJ or leather 
apinal aiipporl, 212, 21.1, 217. 210; 
erab. IIO; double frame, 12, 125, 
134, 184. 187. 198. 2iQ, 
abduction. 13, lOi; frame, double 
abduction, 203 { hand, 17, 297 , 
hinged (aitipcr, 10 ; Inaidc iron, 239 ; 
.Tones abdiictiou fr.tme, 13, 93, 293 , 
Jones club foot aboe, 362 ; Lnee 
cage, 4.5, 47, 234; hnock-fcnee iron, 
383, 388. 400 j laced leather bnee. 
Ill; leather liip shield, 103, 103, 
157, outside iron, 117, 253. 289; 

K terior apuial, 19, 191, 184, )85. 

, 193. 104, I9S, right-angled 
foot, 270, 287 i sacro-itmo belt, 136, 
193, 201, 202. 204; skeleton liand. 
145, ttraighc toetal. IT; Thomas 
bed knee splint, 6, 103, 233, 333. 
Tkotnas collar, 15, 132. 240 ; 
Thomas single Inp. 100, TIioRias 
tao-ended bed knee, 9, 109, 283 
Spondjlitil BhizOmjlique of Mane, see 
Arthritis Dcformitiis, 194 
Spondflolisthcsi* 190; cjmjcal signs, 192; 
radiognpbiij appeaiana'*. 101 : 
treatment. 192 
Kpcsngci'a deformitjr, 372 
b'pur, caloanesii, 273 

Starr on oateomyeUtie, 405 ; treatroeot of 
aente osteom;?elitis, 403 
Stemdler. operation for claw foot. 205 
fitill, cliuieal characteristics of rheuinatoul 
arthritis, 148 
Stille plaster cutters, 19 
Stoffcl operation for spastic iuiraljsis. 
294 

Structural scoliosis, art hcohosia, 209. 212 
Sub acromial bursitis, 73 
•Supraapmatus tendon, lesions of, 70 
Synostosis, congenital xadio-ulnar. 366; 
treatment, 367 

Synoiectomy in nllous arthritis, 153 
.Syno% Ills, chronic, of knee. 40 , ddferentMl 
diagnosis, 40 ; differential diagnosis 
from tuberculosis of knee, 107 ; 
signs of, 40 , treatment, 39, 41 
rpcuJTcnt, 60 

syphilitic, differentiation from tnber- 

cnlosisofknee, 108 

transient, ilifferrntiation fiom tnlier' 
cnlosia of hip, 94 

traumatic, of knee, 39; differential 
diagnosis, 39 ; of shoulder. 68 


tuberculous, 40 
\lllons. 40 

Syphlliaof the spme, 18S ; di.-ignosis, 189 ; 

r^liographie appearance, 189 
Syidiilitie d.irtyJjtJs, diffen-ntintion from 
diffuse osteitis, 39 : effusion, differ- 
cntution from chronic synoiitia, 
41; epiphjgtti«,379-. rrateiiis, S8'l , 
aynonti*, lOS 

Syrtngomclta, cAngc of Cliarcot's joints, 
164 . differential diagnosis from 
cenical nb, 371 

Talipes calcaneus, congenitol, 36(1 

eqnmo varus, eongenitnl. 359 j 
anatomy, 3.59, bone wnlgp, 365; 
Browne, Deiinia, splint. 362 ; differ- 
ential diagnosis. 361 . division of 
tcndoachiiiis,362: Dunn's stabiliza- 
lioD, 366 ; Blmelji*'* operation, 
364; enucleation of tho tarsus, 364 ; 
Jones eluh foot shoe. 362 : mould, 
mg, 361 : Ober’a operatuin. 364 ; 
ptostcr, 333, prognosis, 360; re- 
cunvi! or untreateil case, 363; 
Thomas wrench, 302 . treatment. 
361 . nooden wedge. 362 
equinua. acquiml m poliomyelitis, 
286 

Tarsus, tuiwrculosis of. 111 
Teodo acbiUis, eInngatKBof, 248, 286, 295, 
362 , rupture of 325 
Tendons, dislocation of peroneal, 331 

lengthening of m spastic paralysis, 291, 
291 , lengthening of tcfido aehdiM, 
•246. 2S6, 205, 362 

rupturoofbiceps, 72, 329; ofroinci.an 
citensor of bnger, 323 ; ofexUnsor 
fongus poUicis, 324 , ofhgamcntum 
pateSs, 327 , of plaittans, 326 ; 
of quaifriceps femoris, 328 , of 
rrctui femons, 32S , of supta- 
apiontus, 70 ; of tendu achillis, 323 
Iransplantation of, for muscliln spiral 
paralysis, 311, for paralysis of 
posterior interosseous nerie, 312, 
in poliomyelitis, 231, 287 
Tenma elbow, 321 , treatment, 322 
Teno-synOMtis, diagnosis, 329 , sites. 330 . 
treaimeilt, 330 

chronic infective. 339 , twatment. 
330, of long head of biceps, 73 
Tenotomy of pl.mtar fascia, 205 . of 
aterao-mastoid, 238; of Icmlo 
achilbs. 248, 2»8, 291. 362 
Tbomaa, Hugh Owen, bed knee splint, fi, 
ItH, 283. 385 ; eolLir, 15, 132, 240 ; 
eofbr ami cuff. 142. doiiMe frnme, 
11. 123, 134, IW. 187. 198, 216. 
heel. 10, 44. 245, 248, 231. 253. 255 ; 
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on anikjlosis, 29; on liip flexioa 
test, 91 : on obstetrical paral^sts, 
223 ; osteoclast, 3S3 ; posterior 
spinal support, 13, 13{. ltd. ISS, 
187. 193, IW, IDS; single bip 
splint, 100; two-emled b^ knee 
splmt.9.1()9,2vS3; wrench, 2IW. 382 
Torticollis, 2^ ; clinical t3rpeg, 230 ; 
differential diagnosis, 237 ; etiology, 
237 } non-operative tieatment, 23^ ; 
operative treatment, 233 : eigns. 
233 

spasmodic, 239 ; prognosis, 239 ; 
signs and symptoms, 239 ; treat* 
ment, 2-10 

Transplantation of ligamentum {utelke, 67 ; 
of mnsenlo-Bpiral nerve, 311 ; of 
peroneua longus, 237 ; of p^isterior 
interosseoDs nerve, 312; of tibuilis 
antiens, 23? 

Transposition of mnsetilo-spiral nerve, 310 ; 

of nlnar nerve, 314 
Trendelenburg’s sign, 340, 34ft 
Trigger fin^r. 323 

TuSmulosts of ankle-joint, abscess forma* 
tioD, 114; diagnosis, IIS; raibo* 
graphic appearance, 114; signs. 
US: treatment, lift 
of elbaw'joht, 142; abscess forma* 
tloD, 142 : clinical signs, 142 : con* 
servatire treatment, 142: opera* 
tire treatment, 143 
of hip-joint, abscess fomiation. 91 : 
amoulstory treatment, 109: coo* 
ralescent stage. 100; d:ff«rential 
diagnosis, 94 ; examination, 93 ; 
general treatment, 97 ; local treat* 

, ment, 07; operatiie trestment, 
100; prognosis, 96; radiographic 
appearance, 91 ; recovery, signs of, 
100; site nf focus, 90 ; symptoms 
and signs, 92 ; Thomas’s test, 94 
of knee-joint, abscess formation, 109 ; 
clim'cal signs, 107, differential 
disgnosis, 107; prognosis, 103. 
radiographic appearance, 10ft ; symp* 

■ toms and signs, 107 ; treatment, 
103, conservative, 108, convalescent. 
110, operative. 111, wUii deformity. 
108 

v/lTfiflrrb*‘licA-7!;Dn,’iK>% 

ation, 133; diagnosis, 133; prog- 
nosis, 134 ; radiographic appearance, 
133: signs and symptoms, 133, 
treatment, 134, operative, I3o 
ofsliouliler-jomt, 137 ; abscess forma- 
tion, 137; prognosis, 139. radio- 
graphic appearaneo, 139; symp- 
toms and signs, 139 ; treatment, 
139 


(ifspine, 119 ; abscess formation, 122 ; 
convalescent treatment, 131 ; differ- 
ential diagnosis, 121 ; operative 
treatment, 129; paraplegia, 124, 
prognosis in, 123, treatment of, 132 ; 
posterior support, 131 : prognosis, 
120; radiographic appearance, 122, 
123, 127, 129; recovery, signs of, 
127; site of focus, 119, site of 
involvement, 119; symptoms and 
signs. 121; Thomas collar, 132; 
treatment by hyperextension, 128, 
on frame, 12.5 

of tarsus, abscess formation, 115; 
clmira] signs, iir>, diagnosis, lift, 
treatment, lift 

ofwnst-joint, 144 ; abscessformatioii, 
144, cimical signs, 144; conserva- 
tive treatment, 143 ; operative 
treatment, 146; prognosis, 145. 
radiographic appearance, 144 

Tuberculous arthritis, 76 , abscess forma- 
tion, 83 : cause of, 79 , diagnosis, 
84 ; prognosis, 80 , radiographic 
appearances, 33 , sex and age. 80 , 
symptomsandtisTiSiftl : treatment, 
general. 84, locah 85: Von Pirftuet 
and Mantoux reactions. 84 
dactylitis. 88; differential diagnosis, 
89 , treatment. 89 
infection of bone, 86 
neiungjtis, differcntiaijon from pobo* 
myelitis, 27G 

osteitis, liiffusc, &8. locabteil. 87, 
differential diagnosis from nsteo* 
chondritis defonsana juvenalis, 168 
pcnoatitis, 86 , treatment. 87 
synovitjs, diffcrentiaCion ^m chronic 
aynovitia, 40 

Tucker, on metaphyseal drilling in osteo- 
myebtis, 403 

Tumours, mabgnant, 183, 422; secondary 
malignant, 430 ; simple, 417 

Tomer, on obstetrical paralysis, 223 ; 
sponilylolisthesiB, 101 

Ulnar nerve, lestoas of, 312; sigus, 312 ; 
transposition of, 314 

Ulnar paralysis differential diagnosis from 
cervical nb, 371 

Verrall, extra-articular tixation of sacro- 
iliac joint, 136 

Vertebral osteocbomltitis, 193 

ViDous arthritis, tee Artliritis, Villous, 132 

Vitamio £ in Dupuytren’s contracture, 222 

Volkmann’a ischxmic contracture, 231 , 
clinical picture, 233 , etiology, 231 ; 
Hax Page operation, 23,> , mech- 
anical treatment of severe type, 
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Robert Jones, 234; patholo^,232; 

E revcntivetirnfment, 234; prophy. 
ixis, 233; symptoms, 233 
Von Pirqnet test in tuberculosis, 84 
Von Recklinghausen on nahttia itbroaa 
cystica, 39 ) 

Whitman manipulation, e>f Cota Vara. 

176 ; reconstruction operatMin, 158 
WiDens*, treatment of infccterl joints, 
413 

Winnett-Orr treatment of nateomyelitia, 
409 ’ ^ . 

Wrist, ankylosis of, 33 ; operations for 


ankylosis, 33 ; tuberculosis of. tet 
Tu^rcnlusis of Wnst. 144 

Wry neck, set Torticollis, 23.i 

X-f»y therapy la arthritis deformans of the 
spine, 197 ; m benign giant cell 
tumour, 423 ; in Ewing's tumour, 
427 ; In multiple myelomata, 42'J i 
in ostcogemc sarcoma, 431 ; in 
osteomalacia, 402 ; in sarcoma ol 
the spine, J87 ; in gcconciary matig- 
naiit tumours, 431 

Vonog, on nerve injuries, 303 



